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1.0 

SUMMARY 


This  report  is  a  public  health  risk  assessment  to  evaluate  the  health  risks 
associated  with  the  on-site  incineration  of  Basin  F  liquid  at  the  Rocky 
Mountain  Arsenal  (RMA).  This  risk  assessment  is  site-specific  to  the  RMA 
and  to  specific  receptor  populations  and  locations.  The  populations 
evaluated  in  this  risk  assessment  include  on-site  workers,  the  fenceline  at 
the  point  of  highest  exposure,  the  residences  near  the  RMA  property  that 
had  the  highest  modeled  exposures,  the  school  that  had  the  highest  modeled 
exposure,  and  Irondale  as  a  population  center. 

This  public  health  risk  assessment  demonstrates  that  the  range  of 
carcinogenic  risks  for  the  populations  evaluated  is  3.26E-09  to  4.55E-07. 
These  risks  were  less  than  the  range  of  risks  that  are  acceptable  by  U.S. 
Environmental  Protection  Agency  (EPA)  policy  at  remediated  Superfund 
sites.  The  noncarcinogenic  toxic  effects '  are  expressed  as  a  hazard 
index.  A  hazard  index  greater  than  one  is  cause  for  concern  (U.S.  EPA). 
The  hazard  index  values, for  the "populations  evaluated  ranged  from  2.47E-06 
to  3.69E-03  and  are  not  a  cause  for  concern.  X, 

This  health  risk  assessment  was  conducted  following  U.S.  EPA  guidelines  as 
recommended  i n  the  Superfund  Public  Health  Evaluation  Manual  (SPHEM)  (U.S. 
EPA),  1986)  and  the  Superfund , Exposure  Assessment  Manual  (SEAM)  (U.S.  EPA, 
1988a).  the  major,  steps  in  public  health  risk  assessments  in  SEAM  are 
selection  of  'indicator  chemicals,  selection  of  potentially  exposed 
populations,  identification  of  potential  exposure  pathways,  estimation  of 
exposure  concentrations,  estimation  of  chemical  intake,  assessment  of 
chemical  toxicity,  and  characterization  of  the  potential  health  risks 
associated  with  estimated  exposures.  Each  of  these  health  risk  assessment 
steps  is  discussed  in  this  report. 
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It  is  often  necessary  to  make  assumptions  to  evaluate  a  health  risk.  The 
most  important  assumptions  of  this  risk  assessment  are  stated  and  discussed 
in  the  appropriate  sections  of  this  report.  These  assumptions  are  conser¬ 
vative  in  that  they  may  overestimate  the  health  risk  and  are,  therefore, 
protective  of  public  health. 
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2.0 

_ INDICATOR  CHEMICALS 

The  selection  of  indicator  chemicals  is  the  first  step  in  a  health  risk 
assessment.  The  objective  of  selecting  indicator  chemicals  is  to  identify 
a  subset  of  chemicals  that  represent  those  chemicals  that  are  the  most 
toxic,  environmentally  mobile,  environmentally  persistent,  and  that  are 
found  at  the  highest  concentrations  at  the^,  site.  The  ERA  procedure  as 
described  in  SPHEM  was  designed  to  identify  those  chemicals.  The  indicator 
chemicals  represent  the  degree  of  risk"  from  all  chemicals  present  and 
include  all  chemicals  which  pose  the  most  significant  health  risks. 

The  first  step  in  selecting  indicator  chemicals  is  to  identify  the  poten¬ 
tially  toxic  chemicals  and  their concentrations  in  the  stack  emissions  from 
pilot  incinerator  tests.  In  this  risk  assessment  all  chemical^  identified 
in  the  stack  emissions  were  considered.  After  all  chemicals  are  identi¬ 
fied,  an  indicator  score  must  .be  calculated  for  eacfi  chemical.  The 
indicator  score  is  the  product'  of  the  chemical  concentration  and  a 
chemical-specific  toxicity  constant.  The  chemical ^concentrations  used  to 
calculate  the  indicator  score  were  specific  to  the  media,  air  and  soil 
deposition,  and  were  the  maximum  concentrations  obtained  by  air  modeling. 
The  air  model  used was  the  Industrial  Source  Complex  (ISC)  model 
recommended  in  SEAM.  Toxicity  constants  have  been  derived  by  ERA,  are 
dependent  on  the  exposure  medium  ind  the  human  exposure  route,  and  are 
available  .for  both  inhalation  and  ingestion  routes.  Indicator  scores  were 
calculated  using  4ir  and  soil  ;toxicity  constants  because  these  are  the  most 
important  exposure  media.  The  air  and  soil  toxicity  constants  of  each 
chemical  for  which  a  toxicity  constant  is  available  (SPHEM,  1986)  were 
multiplied  by  the  highest  modeled  concentration  of  the  respective 
chemical.  The  maximum  concentrations  were  used  to  ensure  a  conservative 
result.  The  resulting  indicator  scores  (the  highest  of  the  two  pathways, 
inhalation  and  ingestion)  were  used  to  rank  the  chemicals  emitted  from  the 
stack.  The  inhalation  pathway  resulted  in  the  highest  indicator  score  for 
each  chemical.  Potential  carcinogenic  and  noncarcinogenic  indicator  chemi- 


22206  (22206r6-2  01-22-90)  (RMB) 


2-1 


Woodward'Clyde  Consultants 


cals  were  scored  and  selected  independently  because  they  have  different 
toxic  mechanisms.  Potential  carcinogens  also  exhibit  noncarcinogenic 
effects  and,  therefore,  were  also  ranked  on  the  basis  of  their  noncar¬ 
cinogenic  effects  when  EPA  toxicity  constants  were  available.  The  air  and 
soil  toxicity  constants,  maximum  measured  concentrations,  and  resulting 
indicator  scores  for  potential  carcinogenicity  and  noncarcinogenic  toxicity 
of  stack  emission  chemicals  are  presented  in  Tables  2-1  and  2-2.  Although 
they  were  not  detected  during  the  stack  gas, to  dioxins  and  penta- 
chlorodibenzofurans  were  included  as  indicator  chemicals  because  they  are 
potent  carcinogens  and  are  potential  products  of  incineration  or  combustion 
processes.  Dieldrin,  arsenic,  and  antimony  were  also  not  detected  in  the 
stack  emissions  but  were  included  because  they  were  detected  in  Basin  F 
liquid,  and  are  considered  potentially  significant.  The  indicator  chemical 
selection  process  is  not  supposed  to  contravene  professional  judgment  and 
the  inclusion  of  these  chemicals  results  in  more  defensible  risk  assessment 
conclusions.  (  . 

In  addition  to  the  indicator  score,  the  physical,  chemical,  and  subsequent 
environmental  fate  properties  must  also  be  considered.  Those  chemicals 
that  do  not  have  high  Indicator  scores  were  carefully  examined  to  identify 
any  physical,  chemical/  and  subsequent envirbnmental  fate  properties  that 
are  important,  and  may  affect  the  chemicals'  impact  on  public  health.  These 
properties  are  listed  in  Table  2-3  for  all  chemicals  that  were  detected  and 
for  which  data  were;  available;.  These  data  were  taken  from  SPHEM. 

Although  there  are  other  important  chemical  and  physical  properties  that 
can  affect  exposures,  U.S.  EPA  (SPHEM)  focuses  on  the  parameters  listed  in 
Table  2-3.  Some  properties  have  different  implications  for  different 
exposure  pathways.  A  brief  description  of  the  relevance  of  each  property 
to  potential  chemical  release,  transport,  and  site  is  given  below: 
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•  Water  solubility.  This  is  the  maximuin  amount  of  chemical  that  can 
dissolve  in  water  under  specified  conditions.  Although  it  is  not 
important  in  the  exposure  pathways  in  this  risk  assessment,  highly 
soluble  chemicals  can  be  rapidly  leached  from  wastes  and 
contaminated  soil  and  are  generally  mobile  in  ground  water.  Water 
solubility  is  especially  important  in  the  evaluation  of  aquatic 
exposure  pathways. 

•  Vapor  pressure  and  Henry's  Law  constant.  These  are  two  measures 
of  chemical  volatility  and  are  important  in  evaluating  air 
exposure  pathways.  Vapor  pressure  is  most  directly  relevant  to 
chemical  releases  to  air  from  spills  or  contaminated  surface 
soils.  Henry's  Law  Constant  is  more  appropriate  for  evaluating 
releases  to  air  from  contaminated  water.  (  , 

•  Organic  Carbon  Partition  Coefficient  (Koc).  This  is  a  Jneasure  of 
the  relative  sorptibn\pbtential  for  organics.  It  indicates  the 
tendency  of  an  organic  chemical  to  be  adsorbed  on  soil.  A  low  Koc 
indicates  that  the  chemical  may  be  leached  and  contaminate  ground 
or  surface  water.  A  high  Koc  indicates  that  the  chemical  is 
strongly  adsorbed  and  may'  contaminate  stream  sediment,  soil,  or 
airborne  particulate. 

/  /'  . ‘'  ‘  x/  ''x 

•  ^  Kow  and  Fish  BCF.  These  parameters  indicate  the  potential  for 
chemicals  to  bioaccumulate  in  the  food  chain.  A  high  potential 
for  bioaccumulation  is  very  important  for  specific  pathways. 

The  final  indicator  chemical  list  is  presented  in  Table  2-4.  The  first 
nine  potential  carcinogens  were  selected  as  indicator  chemicals.  This  list 
includes  four  metals  and  five  organic  compounds.  Two  additional  compounds 
were  selected  as  indicator  chemicals  based  on  their  presence  in  the  stack 
gas,  and  on  toxicological,  chemical,  physical,  and  environmental  fate 
properties.  These  were  dichloromethane  and  furans.  Dichloromethane  and 
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furans  are  not  included  in  Table  2-1,  Calculation  of  Indicator  Scores  for 
Potential  Carcinogens,  because  the  U.S.  EPA  has  not  yet  determined  toxicity 
criteria  for  indicator  score  calculation.  Because  these  chemicals  do  have 
carcinogenic  potency  factors  they  are  included  as  indicator  chemicals  in 
Table  2-4.  The  inclusion  is  based  on  professional  judgment.  Seven 
noncarcinogens  were  selected  as  noncarcinogenic  indicator  chemicals. 
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CALCULATION  OF  INDICATOR  SCORES 
FOR  POTENTIAL  CARCINOGENS 
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Not  Detected  in  Stack  Gas  Emissions.  Included  to  Ensure  That  Health  Risks  Are  Not  Underestimated 
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Potential  Carcinogens 

+Arsenic 
Cadmium 
Chromium  VI 
Carbon  Tetrachloride 

Beryllium  ^  /  X 

+Dieldrin  /  / 

Aldrin 

Chloroform 

+Dioxins  (Tetrachlorodibenzo-p-dioxins,  Petachlorodibenzo-p-dioxins, 
Hexach 1 orod i benzo-p-d i ox i ns ) 

Additional  Potential  Carcinoqens  -  No  Indicator  Score 
Methylene  Chloride 

Furans  (Tetrach 1 orodi benzof urans ,  Pentachl qrqdi benzof urans , 

Hexach  1  orod  ibenzofurans)  \\ 


Noncarcinoqens 


+Antimony 
Cadmium 
+Beryl  1  ium 
Copper 
Barium" 

Nickel 

Mercury  (Inorgahlc) 


+  Not  Detected  in  Stack  Gas  Emissions.  Included  to  Ensure  That  Health 
Risks  Are  Not  Underestimated 
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3.0 

EXPOSURE  PATHWAYS 


The  second  step  in  the  risk  assessment  is  to  identify  potential  exposure 
pathways.  An  exposure  pathway  consists  of  five  necessary  elements:  1)  a 
source  and  mechanism  of  chemical  release  to  the  environment,  2)  an  environ¬ 
mental  transport  medium  (e.g.,  air,  soil,  ground  water),  3)  an  exposure 
point  (a  point  of  potential  human  contact  with  the  contaminated  medium),  4) 
confirmation  that  chemical  concentrations  exist  at  the  exposure  point,  and 
5)  a  human  intake  route  at  the  exposure  point  (e.g.,  inhalation  of  stack 
gases).  Each  of  these  exposure  pathway  elements  is  discussed  below.  When 
an  exposure  pathway  is  missing  any  element,  that  exposure  pathway  is  incom¬ 
plete.  Incomplete  exposure  pathways  do  not  result  in  exposure  to  humans, 
and  as  a  result  there  is  no  health  risk  from  incomplete  exposure  pathways. 

3.1  SOURCE  OF  CHEMICAL  RELEASE  ' 

The  source  and  chemical  release  mechanisms  evaluated  in  this  risk  assess¬ 
ment  are  the  stack  emissions  from  the.  incineration  process.  The  stack 
emissions  are  released into  the  air.  Specific  chemicals  in  the  stack 
emissions  are  the  result  of  *  incomplete  destruction  or  are  products  of 
combustion.  In  the  first  case,  incdmiDlete  destruction,  the  chemicals 
emitted  would  be  those  present  in  the  Basin  F  liquid.  In  the  second  case, 
combustion  products  or  partial,  combustion  products  are  chemicals  that  may 
not  be  present  in  Etas  in  F  liquid. 

The  incinerator  has  been  designed  to  treat  800  gallons  per  hour 
(8,276  pounds  per  hour)  in  order  that  the  entire  8.5  million  gallons  of 
Basin  F  liquids  can  be  treated  within  approximately  1.5  years.  The  maximum 
concentration  of  each  indicator  chemical  is  assumed  to  be  the  highest 
measured  concentration  in  the  stack  gas  pilot  incineration  test.  The 
emission  rate  is  the  rate  at  which  a  chemical  is  released  into  the 
environment  from  the  incineration.  After  the  chemical  is  released,  it  is 
assumed  to  be  dispersed  into  the  air  and  blown  downwind.  The  concentration 
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downwind  can  be  predicted  using  air  dispersion  modeling.  The  incinerator 
was  assumed  to  be  located  approximately  at  the  Basin  F  site. 

3.2  ENVIRONMENTAL  TRANSPORT 

The  primary  environmental  transport  medium  is  air.  The  exposure  pathway  in 
this  risk  assessment  is  a  release  of  stack  emissions  to  the  atmosphere, 
environmental  transport  of  the  chemicals  to  the  exposure  point,  and  then 
inhalation  of  the  contaminated  air.  Two  secondary  (or  indirect)  exposure 
pathways  are  the  deposition  of  chemicals  from  the  atmosphere  onto  soil  and 
vegetables  at  the  exposure  points,  followed  by  ingestion  of  vegetables  and 
soil.  Other  environmental  exposure  pathways  include  deposition  onto  sur¬ 
face  waters,  leaching  of  soil-deposited  particulate  into  surface  or  ground 
water,  and  subsequent  ingestion.  These  latter  pathways  are  not  significant 
and  do  not  merit  further  consideration. 

N:.  4-  'S  >:■' 

/  ■■■■•  N:.  X;  S-  f 

\  ..  ■■■::  / 

3.3  EXPOSURE  POINTS  // 

Exposure  points  are  an  important  element  of  any  exposure  pathway.  An 
exposure  point  is,  that  point  where  humans  may  actually  contact  the 
contaminated  medium.  Different  exposure  pathways  may  have  different 
exposure  points.  The  exposure  points  used  in  this  risk  assessment  are 
those  points  where  the  public  can  be  exposed  to  the  contaminants. 

//  '"'U  ■ 

Five  exposure  points  were  selected  for  use  in  this  public  health  risk 
assessment.  One  of  thd  exposure  points  was  selected  to  evaluate  the 
potential  health  impacts  for  workers  who  may  be  present  on  Rocky  Mountain 
Arsenal  property.  The  on-site  exposure  point  was  selected  as  the  area  of 
maximum  impact  or  highest  contaminant  concentrations  based  on  air 
dispersion  modeling.  Four  other  exposure  points  were  selected  to  represent 
the  potential  exposures  experienced  by  the  public.  The  selection  of  the 
four  public  exposure  points  discussed,  on  public  areas  that  had  the  highest 
impact,  were  areas  of  special  interest,  or  contained  sensitive  populations 
(schools). 

3-2 
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The  four  areas  of  public  exposure,  shown  as  locations  2  through  5  on 
Figure  1,  were 

•  Locations  at  the  fenceline  boundary  of  the  Rocky  Mountain  Arsenal 
where  the  modeled  concentrations  of  emissions  was  the  highest. 

•  The  Irondale  residential  area,  located  west  and  west-southwest  of 
Basin  F,  was  selected  as  a  special  interest  area. 

•  Individual  residences  located  outside  the  fenceline  boundaries  of 
RMA  which  were  projected  to  receive  the  highest  emission 
concentrations  determined  by  modeling  were  selected. 

•  The  air  impacts  were  modeled  for  several  nearby  schools,  including 
DuPont  School,  Monaco  School,  Hanson  School,  and  Derby  School. 
The  Hanson  School  had  the  highest  modeled  concentrations  and  was 
used  in  the  risk  assessment.  School  locations 'were  selected  as 
sensitive  population  receptor  points  as  recommended  in  SPHEM. 

3.4  ESTIMATION  OF, EXPOSURE  POINT  CONCENTI^TION 

The  next  step  in  the  risk  assessment  process  is  to  calculate  the  indicator 
chemical  concentrations  at',  the  exposure  points.  Exposure  point 
concentrations  wefe  estimated  using  accepted  air  dispersion  modeling 
techniques.  The'  air  modeling  is'described  in  Section  4.0. 

'  \v.. 

3.5  HUMAN  INTAKE 

In  this  risk  assessment  the  intake  of  incineration-related  chemicals  was 
evaluated  by  the  inhalation  and  ingestion  routes.  The  inhalation  intake 
route  is  a  direct  exposure  to  chemicals  in  the  air.  The  ingestion  route 
evaluated  in  this  risk  assessment  is  an  indirect  exposure  route.  The 
deposition  of  particulates  from  the  incinerator  stack  gas  was  modeled  to 
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the  receptor  points  and  assumed  to  deposit  on  soil  and  vegetable  gardens. 
The  incidental  ingestion  of  contaminated  soil  and  the  ingestion  of  home¬ 
grown  vegetables  were  evaluated  as  human  intake  routes.  Human  intakes  are 
discussed  in  detail  in  Section  5.0. 
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4.0 

_ AMBIENT  AIR  QUALITY  IMPACTS 

This  section  contains  a  description  of  the  approach  and  results  of 
assessing  impacts  from  ambient  air  dispersion  and  deposition  of  stack 
emissions  of  various  volatiles*  semivolatiles,  and  metals.  The  modeling 
approach  is  conservative  and  may  overestimate  actual  exposure.  For 
example,  the  air  modeling  assumed  that  all  chemicals  remained  in  the  air 
and  would  be  inhaled;  and  the  deposition  model  assumed  that  all  semi¬ 
volatile  organic  compounds  and  metals  would  be  deposited  on  soil  or 
vegetables.  ^ 

4.1  AIR  DISPERSION  MODELING  /  /  ' 

Air  dispersion  modeling  is  a  process  that  predicts  the  cpntaniinant  concen¬ 
tration  in  air  at  any  chosen, point  or  distance  from  a  source.  A  receptor 
grid  was  generated  to  assure  the  identification  of  the  maximum  concentra¬ 
tion  at  various  locations  of  public  and  on-site  exposure.  Air  dispersion 
models  use  wind  and  temperature ^ data  to  calculate  the  concentration  as  a 
function  of  distance  and  direction  from  the  source.  The  ambient  air 
impacts  of  a  remedial  process  scenario  using  a  submerged  quench  incinerator 
was  assessed  by  modeling  air  emissions  with  the  Industrial  Source  Complex 
(ISC)  model  approved  by  the  EPA  (1987),  The  ISC  model  was  used  to  generate 
summary  tables  of '  njaximum  ambient  air  ' impacts  for  averaging  periods  of 
eight  hours  and  one  year.  These  data  were  used  to  calculate  contaminant 
concentrations,  and  are  presented  in  Tables  4-1  to  4-5.  The  maximum 
concentrations/emission  values'  (denoted  by  the  symbol  chi/q)  are  key  values 
computed  by  the  model. 

The  following  assumptions  were  used  in  the  air  quality  modeling  of  the 
incinerator  stack  emissions: 

•  Air  emissions  originate  from  only  one  stack  source. 
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•  One  year  of  hourly  meteorological  data  from  Stapleton  Internation¬ 
al  Airport  for  the  calendar  year  1988  was  assumed  to  be  represen¬ 
tative  of  potential  dispersion  conditions  at  the  Basin  F  site; 
mixing  heights  were  input  according  to  seasonal  averages  during 
the  morning  and  afternoon  as  depicted  by  Holzworth  (Holzworth, 
1972);  comparison  of  1988  to  long-term  (1960-1964)  distributions 
of  stability  class  and  wind  direction  indicate  that  the  occurrence 
of  stability  conditions  and  wind /flow  conducive  to  worst-case 
impacts  at  sensitive  areas  of  exposure  are  just  as  great  or 
greater  for  1988  than  for  a  long-term  period  such  as  1960-1964. 

•  Wind  speed  for  any  given  hour  was  not  allowed  to  be  less  than  one 

meter  per  second  per  modeling  guidelines  cited  in  "Guideline  on 
Air  Quality  Models"  (ERA,  1986)  / 

The  chi/q  value  occurring  at  the  exposure  point  is'  multiplied  by  the 
emission  rate  to  determine  the  contaminant  concentration  at  the  exposure 
point.  \  c  \  ■' 

Five  exposure  areas  were  examined  for  potential  ambient  air  impacts: 

•  Fenceline 

•  On-site 

•  Nearby  schools 

•  Irondale  residential  area 

•  Individual  residences  / 

€ 

Estimation  of  Ambient  Air  Concentration 

The  air  concentration  of  a  particular  compound  in  ambient  air  resulting 
from  the  emissions  of  the  RMA  submerged  quench  incinerator  stack  is 
predicted  by  the  formula: 
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Concentration  in  Ambient  Air  (Cg,^)  = 

Emission  Rate  x  Chi/Q  x  Unit  Conversion  Factor 
Where:  C  .  =  Compound  Concentration  in  Ambient  Air  (kg/m^) 

3 1  r* 

Emission  Rate  =  Rate  of  chemical  release  from  process  (g/sec) 

Chi/q  =  Ambient  Air  Dispersion  Modeling  factor 

,mg/m3_.  . 

'g/sec  ’  "  , 

Unit  Conversion  Factor  =  1E;706  kg/mg 

The  emission  rate  (ER)  for  each  compound  is  based  on  pilot  test  results  and 
scaled  upward  by  a  factor  approximately  equal  to  the  ratio  of  the  projected 
feed  rate  of  the  Basin  F  liquid  to  the  feedrate  of  the  pilot  scale 
submerged  quench  incinerator."  Emission  rates  for  several  compounds  present 
in  the  Basin  F  liquid,  but  not  the  pilot  test'  air  sample  stream,  were 
estimated  by  assuming  that  these  compounds  were  present  in  the  pilot  test 
air  sample  stream  at  the  laboratory  detection  limit.  ' 

Source  sampling  of  a  pilot  scale  submerged  quench  incinerator  was  performed 
in  February,  1989  using  appropriate  U.S.  ERA  methods  to  quantify  the 
presence  of  particulate,  volatile  organic  compounds,  semi-volatile  organic 
compounds,  and  metals  in  the"  air  emission  stream  of  the  incinerator 
stack.  Lab  analyses  of  each  of  the  source  samples  provided  an  estimate  of 
the  mass  of  each  compound  collected  during  a  sample  run.  Compound  emission 
rates  were  obtained  by  dividing  the  analyzed  mass  by  the  sample  volumes  and 
then  multiplying  by  the  volumetric  flow  rates.  For  each  compound  detected, 
the  highest  value  from  a  set  of  samples  was  selected  to  estimate  an 
emission  rate  if  more  than  one  sample  run  for  a  set  of  compounds  had  been 
performed.  Each  of  the  compound  emission  rates  calculated  for  the  pilot 
scale  incinerator  was  scaled  to  the  RMA  submerged  quench  incinerator  stack 
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by  multiplying  by  the  approximate  ratio  of  the  RMA  stack  to  pilot  stack 
volumetric  flow  rates.  This  ratio  ranged  from  30  to  35. 

Several  compounds  were  not  detected  in  the  pilot  submerged  quench 
incinerator  stack  sample  stream,  but  have  been  detected  in  the  Basin  F 
liquid.  These  compounds  included  Dieldrin,  4,4'-DDT,  4,4'-DDE,  arsenic, 
antimony,  and  beryllium.  In  order  to  ensure  that  those  highly  toxic 
chemicals  were  adequately  considered  in  evaluating  the  risks,  they  were 
assumed  to  occur  in  the  stack  emissions  at  the  laboratory  detection  limit. 

The  exposure  concentrations  can  be  estimated  by  assuming  the  compounds  are 
present  at  the  detection  limit  in  the  stack  gas  or  that  they  are  removed  to 
the  levels  predicted  in  the  '  design  (destruction  and/or  removal 
efficiency).  A  comparison  of  these  two  approaches  is  made  in  the  following 
table:  /  \/  "'"v//'' 

\  V  Air  Concentration  Based  On 

Chemical  Detection  Limit  Destruction  Efficiency* 

/"  \  \/  €.  \ 

/  Z'  1  I  \ 

Arsenic  4.98E-08  '  4«84E-08 

Antimony  3.09E-06  1.54E-07 

Dieldrin  '  1.81E-10  C  2.78E-12 


♦These  values  Were  taken  from  the  preliminary  risk  assessment.  All  con¬ 
centrations  are  for  the  point  of  maximum  impact  and  are  in  mg/m^. 


As  expected,  the  destruction  efficiency  approach  results  in  lower 
concentrations  than  the  detection  limit  approach.  The  comparison  does 
indicate  that  "detection  limit"  concentrations  in  the  emissions  are  similar 
to  destruction  efficiency  values  for  arsenic  and  antimony. 
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To  obtain  maximum  estimates  of  ambient  air  quality  impacts  and  ambient 
deposition  impacts,  compound  emissions  in  gaseous  or  airborne  particulate 
form  and  as  particulate  subject  to  deposition  were  treated  independently. 
Particle-sizing  data  for  those  compounds  occurring  as  particulate  for 
purposes  of  deposition  estimates  can  only  be  applied  if  the  fraction  of  a 
particular  compound  emission  as  particulate  is  known.  Volatile  compounds 
are  not  likely  to  occur  as  particulate,  while  metals  evaluated  are  likely 
to  occur  totally  as  particulate.  However,-  semi  volatiles  could  occur  either 
in  gaseous  or  particulate  state.  Fractionation  data  on  semivolatiles  in 
gaseous  and  particulate  form  are  not  readily  available.  Due  to  this  limi¬ 
tation,  the  ambient  air  quality  modeling  approach  conservatively  assumed 
all  compound  emissions  to  be  airborne  at  all  times.  The  ISC  model  treats 
airborne  dispersion  of  a  gas  or  particulate  identically  as  long  as  deposi¬ 
tion  is  not  incorporated.  This  eliminates  the  need  to  partition  each 
compound  into  airborne  particulate  and  gaseous  states. 

Since  estimation  of  ambient  deposition  impacts  requires  specifying  the 
fraction  of  an  emitted  compound,  which  is  particulate,  both  semivolatiles 
and  metals  were  assumed  to  occur  totally  as  particulate  using  generic 
particle  size  distribution  data  to  obtain '  maximum  ambient  deposition 
estimates  for  those  compounds. 

In  summary,  the  following  approach  was  utilized  to  estimate  airborne  and 
deposition  emission  rates  for  each  compound: 

1.  All  identified  volatiles,  semivolatiles,  and  metals  were  assumed 
to  be  totally  airborne^^^^^^'^^^^^^^  or  particulate)  in  modeling 
ambient  air  quality  impacts. 

2.  All  identified  semivolatiles  and  metals  were  assumed  to  occur  in 
particulate  form  subject  to  deposition  in  modeling  ambient  deposi¬ 
tion  impacts;  volatiles  were  assumed  to  not  likely  occur  in 
particulate  form. 
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The  following  example  calculates  the  maximum  annual  average  concentration 
for  the  organic  compound  methylene  chloride,  at  an  on-site  receptor. 

Assuming  that: 

(methylene  chloride)  =  ER  x  Chi/q  x  Unit  Conversion  Factors 
Where:  ER  =  2.93E-04  g/sec  (for  methylene  chloride) 

jy  X-  H':. 

Chi/q  =  5.80E-04 

Unit  Conversion  Factor:  ' lE-06  kg/mg 
Solving  /  / 

/’"■  . .  ''v_  "X,/  / 

\  .  -fe-  / 

Cg.^  (methylene  chloride)  =// 

(2.93E-04  g/sec)  x  (  ^ ‘g/sec  ^ 

,/  i£  J-'  J- 

=  1.69E-13  kg/m^  '  / 

For  each  compound  and  averaging  period,  ambient  air  concentrations  were 
calculated  by  multiplying  the'^ compound  emission  rate  by  the  appropriate 
maximum  chi/q  and  t)y  a  unit  conversion  factor. 

V  "  S,  /“  /' 

"yf  / 

4.2  AIR  DEPOSITION  MODELING  ,  x 

Air  deposition  modeling  is  a  process  that  predicts  concentration  of  con¬ 
taminants  deposited  on  a  surface  at  any  chosen  distance  and  direction  from 
a  source.  Deposition  modeling  predicts  the  rate  at  which  the  contaminant 
settles  out  of  the  air  and  is  deposited  on  the  ground.  This  allows  a 
concentration  on  surface  soil  or  vegetables  to  be  calculated. 
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Total  annual  deposition  from  the  submerged  quench  incinerator  was 

calculated  with  ISCLT,  the  long-term  version  of  ISC.  A  "chi/q"  (concentra¬ 
tion/emission  rate)  approach  was  again  followed  with  emissions  from  the 
stack  source  assumed  to  be  1  gram  per  second  for  one  year  (i.e., 

31,536,000  grams)  with  resultant  deposition  predictions  expressed  as  grams 
per  square  meter.  Particle  size  distribution  and  corresponding  fall 
velocities  were  input  according  to  generic  values  found  in  the  EPA  publica¬ 
tion  AP-42  (U.S.  EPA.  1985)  and  from  acid  deposition  research  (Galloway  et 
al.,  1980). 

The  highest  annual  average  maximum  chi/q  values  for  each  public  and  on-site 
exposure  area  are  presented  in  Tables  4-6  to  4-10.  The  emission  rate  of 
each  constituent  is  multiplied  by  the  modeled  annual  deposition  to  obtain 
the  annual  constituent  deposition  at  a  particular  exposure  point. 

The  following  assumptions  were  used  in  the  deposition  modeling  process: 

\.  \  \  \./  /' 

•  Air  emissions  originate  from  one  stack  source. 

•  One  year  of  hourly  meteorological  data  from  Stapleton  Internation¬ 
al  Airport  for, the  calendar  year  1988  was  assumed  to  be  represen¬ 
tative  of  potential  dispersion  conditions  at  the  Basin  F  site 
based  on  the  reasoning  presented  in  Section  4.1.  Statistical 
summaries  of  wind  speed,  wind  direction,  and  stability  class  were 
computed  with  mixing  height  and  temperature  assignments  consistent 
with  the  recommendations' described  in  the  ISC  user's  manual  (U.S. 
EPA,  1987). 

•  For  worst-case  (maximum)  estimates  of  annual  deposition,  all  par¬ 
ticulates  were  assumed  to  be  retained  on  the  ground  or  vegetable 
surface  once  it  was  deposited. 
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The  chemical  concentrations  in  soil  and  vegetables  are  calculated  using  the 
maximum  deposition  rate. 

The  five  exposure  areas  examined  for  potential  ambient  air  impacts  were 
also  examined  for  potential  ambient  deposition  impacts. 


4.2.1  Estimation  of  Soil  Concentration 

The  contaminant  concentration  in  soil  is  predicted  by  the  formula: 

Compound  Concentration  in  Soil  (Cg^j,)  *  s  > 

Emission  Rate  x  Chi/Q  x  Deposition  Duration  x  Unit  Conversion  Factors 

Weight  of  mixing  soil  per  unit  area 


Where: 


■'soi  I 


=  Compound  Concentration  in  Soil  (mg/kg) 


Emission  Rate  =  Ra^  of  chemical  release  from  process  (g/sec). 
Calculated  the  same  as  for  C, 


air 


Chi/q  =  ,Air  Deposition  Modeling  Factor  (g/fg^) 

^  .  ■  ■  . . .  . . . . . ‘'.'-S  .  ‘X-. 

Duration  =  18  months  (1.5  years) 

/  Unit  Conversion  Factors  =  lE-03  kg/g  x  lE+06  mg/kg 

’■’’H  ,1  S  4/  if  '  f 

#  f  if 

Weight  of  mixing  soil  -  Calculated  as  6.6  kg/m^  assuming 
a  per  unit  area  soil  thickness  of  0.25  inch 

if 

Compound  concentration  in  soil  (C^^,,)  is  expressed  as  mg/kg.  C^^,,  is 
similar  to  that  for  air  in  that  it  includes  the  stack  emissions,  a  Chi/Q, 
and  unit  conversion  factors.  The  C^^,,  differs  from  that  of  air  in  that 
the  chi/q  factor  is  a  deposition  factor  instead  of  a  dispersion  factor. 
Also,  the  duration  of  remedial  operations  is  expected  to  last  18  months. 
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Contaminants  can  be  expected  to  mix  with  the  first  one-half  to  one-quarter 
inch  of  undisturbed  soil,  with  the  more  conservative  one-quarter  inch  of 
soil  used  in  the  calculations.  The  weight  of  surface  soil  is  reported  to 
range  from  1,040  to  1,602  kg/m^  The  weight  of  the  mixing  soil  in  one 
square  meter  is  6.6  kg  (0.25  in  x  lm/39.37  in  x  1  m^  x  1,040  kg/m^). 


The  following  example  calculates  the  for  an  organic  compound,  Aldrin, 

A 

for  the  incinerator.  , 

Assuming  that:  x.  ^ 

Emission  rate  *  3.64E-07g/€fc  (same  as  for  air) 


Duration  =  1.5  years 


Chi/Q  =  2.989  q/mVyr  X  / 

g/sec\ /  /'■■  ../  \ 

Unit  Conversion  Factor. =1.00E-03  kg/g  x  lvdOE+06  mg/kg 


Weight  of  mixing  soil - e.s  |<g/„ 

per  unit  area  ’ 


2  \, 


Solving: 


C,.,  (Aldrin)  .=, 


2 


(3.64E-07  g/sec)  )(  (2.989  f^f^)  X  (1.5  yr)  x  (lE-03  kg/g)(lE+06  mg/kg) 


g/sec 
(6.6  kg/m") 


»  2.47E-04  mg/kg 


For  each  compound  subject  to  deposition,  the  soil  concentration  over  a  1.5 
year  period  was  estimated  within  a  particular  exposure  area  by  multiplying 
the  compound  emission  rate  (assumed  as  particulate),  appropriate  maximum 
annual  Chi/Q,  and  unit  conversion  factors  divided  by  the  soil  weight  per 
unit  area. 
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4.2.2  Estimation  of  Vegetable  Concentration 

The  contaminant  concentration  in  vegetables  is  predicted  by  the  formula: 
Compound  Concentration  in  Vegetables  (C^gg)  * 

Emission  Rate  x  Chi/Q  x  Deposition  Duration  x  Removal  by  Washing  x  Unit  Conversion  Factors 

Weight  of  Vegetable/Surface  Area 

Where:  C^^g  *  Compound  Concentration  in  vegetables  (mg/kg) 

ER  =  Emission  Rate  of  chemical  release  from  process  (g/sec). 
Calculated  the  same  as  for  C^,^  and 

Chi/q  =  Air  deposition  modeling  factor 

Same  as  for  soil  (maximum  value  for  a  particular 

exposure  area)  , 

\  \  >  \  ( 

./  ,/  1  \  \ 

Duration'of  Deposition  =  0.33  years 

Unit  Conversion  Factors  =  l.OOE-03  kg/g  x  l.OOE+06  mg/kg 
' it  Not  removed  =  Efficiency  of  washing  vegetables  (50?S) 

Weight  Of  Vegetable  *1  lb  or  0.454  kg. 

Surface  Area  =  Area  of  vegetable  exposed  to  deposition  (0.05  m^) 

The  compound  concentration  in  the  vegetables  (C^^g)  is  again  expressed  as 
mg/kg.  C^^g  is  a  function  of  stack  gas  emission,  Chi/Q,  deposition  dura¬ 
tion,  particulate  removal  efficiency  by  washing,  unit  conversion  factors, 
and  the  weight  of  the  vegetable  per  unit  area.  C^^g  is  similar  to  Cg^^,,  in 
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that  the  chi/q  factor  is  a  deposition  factor  instead  of  a  dispersion 
factor. 

The  duration  of  deposition  is  dependent  upon  the  time  to  harvest  for  the 
vegetables.  This  varies  depending  upon  the  vegetable,  ranging  from  21  days 
to  four  months.  The  more  conservative  four-month,  or  one-third-year, 
duration  is  assumed  for  use  in  this  risk  assessment.  Washing  removes  dirt 
and  contaminants  from  the  vegetables.  Fifty 'percent  of  the  contaminants  is 
assumed  to  be  removed  by  washing.  The  surface  area  and  weight  of 
vegetables  vary  widely.  Lettuce  was  used  as  a  representative  vegetable 
and,  because  of  its  large  surface  area,  will  provide  a  worst-case  exposure 
scenario.  The  surface  area  is  the  area  of  edible  portion  exposed  to 
deposition  and  is  assumed  to  be  one-half  of  the  surface  area.  The 
estimated  surface  area  for  lettuce  is  0.05  m^/ assuming  a  seven-inch 
diameter.  Lettuce  is  assumed  to  weigh  one  pound.  / 

The  following  example  calculates  the  for  an  organic  compound,  Aldrin, 

from  the  submerged  quench  incinerator  on  an  on-site  receptor. 

Assuming  that:  /  /  / ..  ' '"x ''"'’s, 

'X.  ‘-‘’X  /  / . . . ■  X. 

'  X  f  X  jv. .  . . . 

ER  «  g/sec  /  .  '  X 

£  it  /'  /' 

Duration  of  Deposition  =  0.33  yr 
%  Not  Removed  =  0.50 

Unit  Correction  Factors  =  l.OOE-03  kg/g  x  l.OOE+06  mg/kg 
Weight  of  Vegetable  =  0.454  kg 
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Surface  Area  =  0.05 

Solving: 

Cveg  (aldrin)  = 

(3.64E-07g/sec)  x  (2.989  x  (0.33  yr)  x  0.50  x  (lE-03kg/g)  (lE-H06mg/kg) 

0.454  kg/0.05  /  / 

=  1.99E-05  mg/kg  fV' 

For  each  compound  subject  the  maximum  vegetable 

concentration  at  a  particular  exposure  area  was  estimated  by  multiplying 
the  compound  emission  rate  (assumed  as  particulate)  by  the  appropriate 
maximum,  annual  Chi/Q,  and  unit  conversion  factors,  divided  by  the  weight 
of  the  vegetable  per  unit  surface  area.  N  / 
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5.0 

HUMAN  CHEMICAL  INTAKE 


This  section  of  the  risk  assessment  discusses  all  assumptions  used  to 
estimate  the  amount  of  chemical  taken  into  the  exposed  human  body.  Each  of 
the  following  pathways  was  evaluated:  inhalation  of  contaminants  in  air 
and  ingestion  of  soil  and  vegetables  contaminated  by  deposition.  Intake 
factors  are  calculated  in  this  section  for  air,  soil,  and  vegetables.  The 
daily  chemical  intake  from  any  of  these  media  is  calculated  by  the  product 
of  the  media-specific  intake  factor  and  the  concentration  of  the  chemical 
in  that  media.  x'  v 

5.1  AIR 

Exposure  to  indicator  chemicals  results  from  the  direct  inhalation  of 
volatile  chemicals  and  particulate  matter^  in  the  aif.  Human  contaminant 
intake  from  air  inhalation  depends  on  the  contaminant  concfentration,  the 
rate  of  inhalation,  and  the "  exposure  duration.  /  Assumptions  used  to 
estimate  exposure  were  taken  from  SEAM  and  the  U.S«  ERA  Exposure  Factors 

Handbook  (EFH,  U.S.  ERA,  1989). 

C,  /''r  . ,/  . . ''.'n. 

5.1.1  Rublic  Inhalation  Intake  Factor  g Adults 

The  assumptions  used  to  determined  the  public  inhalation  intake  factor  are 
(1)  a  20  m^/day  inhalation  rate,  (2)  70-kg  body  weight,  and  (3)  a  70-year 
lifespan.  The  incineration  of  Basin  F  liquid  was  estimated  to  take 
1.5  years,  during  which  exposure  would  occur.  It  is  also  assumed  that  ex¬ 
posure  occurs  24  hours  per  day  every  day  for  the  entire  one  and  one  half- 
year  period  for  a  chronic  exposure.  The  lifetime  intake  factor  for 
inhalation  is  determined  as  follows: 


Lifetime  Intake  Factor 


air 


(Inhalation  Rate) (Exposure  Frequency) 
(Body  Weight) (Days  of  Life) 


Lifetime  Intake  Factor 


air 


(20  m3 /day) (1.5  years  x  365  davs/vear) 
(70  kg)(70  years  x  365  days/year) 
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=  6.12E-03  mVkg/day 


Subchronic  intake  factors  are  used  to  estimate  subchronic  health  impacts. 
Subchronic  exposures  are  those  that  occur  for  less  than  90  days.  A  daily 
intake  factor  is  used  to  calculate  the  subchronic  hazard  index,  and  is 
computed  as  follows: 


Daily  Intake  Factorg^^Y  “ 


Inhalation  Rate 
Body  Weight  / 


20  m3/day 
70  kg 

=  2.86k-01  mVkg/day 


5.1.2  Public  Inhalation  Intake  Factor  -  Children  '  " ,/ 

v  V.  ■  ■■  .  ^ 

\  'i.  f  /  C. 

The  assumptions  used  to  determine  the  children's  inhalation  intake  factor 

are  listed  below:  _ A-'  '\/  \\ 

/  /  /  ■'  ''x,  %.  ,1  ■ 

•  The  exposure  occurs  24  hours  each  day. 

•  The  length  of  time  of  exposure  is  1.5  years,  the  total  duration  of 
the  i nci nerator  pro jlct . 

•  Children  attend  neighborhood  schools.  Therefore,  the  exposure 
concentrations  at  home  and  school  are  identical. 


The  average  inhalation  rate  is  21  mVday  for  ten-year  old  children 
and  16.8  mVday  for  six-year  old  children  (EFH). 


The  average  body  weight  is  34.4  kg  for  ten-year  olds  and  21.5  kg 
for  six-year  olds  (EFH). 
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•  The  indoor  contaminant  concentrations  are  equal  to  outdoor 
concentrations. 

The  lifetime  inhalation  intake  factor  for  children  is  calculated  below: 
Lifetime  Intake  Factor  (10-year  olds)3i^ 


=  1.31E-02  m^  kg/day  (  /  / 

'H-..  / 

Lifetime  Intake  Factor  (6-year  olds)gj^  /  ^ 

(16.8  m^day)  (1.5  years  x  365  days/year)  V/ 

■  (21.5kgL(70  years. x. 365  days/year)  \  / 

*  1.67E*p2  mVkg/day  / 

'  /' 

‘V  4  \  u"-- . - . . . 

'■'X  X 

The  highest  intake  factor,  1.67E-02  m^/kg/day  for  six-year  olds,  was  used 
to  calculate  health  risks.  This  is  the  most  conservative  approach  and 
would  not  underestimate  the  actual  health'  risk  that  may  be  experienced  by 
children.  An  intake  factor  could  not  be  calculated  for  1  1/2  to  3-year 
olds  because  adequate  data  do  not  exist.  A  daily  intake  factor  was 
calculated  for  infants  using  data  available  in  the  EFH,  and  it  was  lower 
than  that  of  six-year  olds. 

The  daily  intake  factor  for  subchronic  exposures  (less  than  90  days)  is 
calculated  as  follows  for  six-year  olds. 

Daily  Intake  Factor  (six-year  olds)j|,^ 

5-3 
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_  (Inhalation  Rate) 

(Body  Weight) 

16.8  m^/day 
=  21.5kg 

=  7.81E-01  mVkg/day 
5.1.3  On-Site  Inhalation  Intake  Factor 

The  on-site  inhalation  intake  factor  requires  the  following  assumptions: 

•  The  RMA  on-site  population  is  exposed  eight  hours  per  day  5  days 

/  d  J  'fe 

per  week.  / 

•  The  inhalation  rate  for  an  oh-site  worker  ts,  7.1  #/hour  (heavy 
activity)  for  1  hour*  2,8  (moderate  activity)  f of  4  hours,  and 
1.3  m^/hr  (light  actiyity)  for  3  hours  for  a  total  of  22.2  m^  per 
8-hour  work  day  (Anderson  et  al,,  1984.  p.  131  Superfund  Exposure 
Assessment  Manual). 

/'  .  ' . \ 

•  The  incineration  of  Basin  F  liquids  requires  1.5  years. 

The  lifetime  on-site' inhalation  intake  factor  is  calculated  as  follows: 

I  i  /  /  '"%■ 

On-Site  Lifetime  Intake  Fact6rg.(^  =  (Inhalation  Rate) (Exposure  Frequency) 

x  .  (Body  Weight) (Hours  of  Life) 

=  (22.2  mVdav)(1.5  years  x  52  weeks/years  x  5  days/week  x  8  hrs/day) 
(70Kg)(70  years  x  52  weeks/year  x  7  days/week  x  24  hrs/day) 

=  1.62E-03  mVKg/day 


22206  (22206r6-5  01-22-90)  (»2-RMB) 


5-4 


Woodward'Clyde  Consultants 


The  subchronic  inhalation  intake  factor  for  the  on-site  RMA  receptor 
population  is  calculated  as  follows: 

Daily  On-Site  Intake  Factor^^^Y  =  Inhalation  Rate 

Body  Weight 

=  22.2  mVday 

70  Kg  // 

‘C.. 

=  3.17E-01  mVKg/day  v"  % 

5.2  SOIL 

Soil  can  be  contaminated  by  particulate  matter  which  is  deposited  directly 
on  the  surface  from  the  air.  Individuals  ingest  ioil  inadvertently  when 
eating,  smoking,  or  placing  dirty  hands  In  or^  around  the  mouth.  Children 
tend  to  ingest  more  soil  than  adults.  '  Because  of  increased  soil  ingestion 
in  children,  chemical  intakes  are  calculated  separately  'for  children  and 
adults.  Soil  ingestion  rates  of  children  (SEAM,  1988a)  and  body  weight  are 


presented  in  the  table 

below.  , 

V 

% 

Ingested  / 

Days  of 

'  Soil'  s 

Assumed  Body 

,;Aqe  \  '\ 

1  II 

Exposure 

mq/day  / 

Weiqht,  kg 

fl'  1  s 

0-9  mo  /  / 

0  /■'/'" 

d 

9 

9-18  mo/  / 

2.74E+02/> 

50 

11.2 

lij-S^s  yrs 

7.30E+02  / 

200 

14.1 

3^-5  yrs 

5.48E+02' 

50 

18.4 

5-18  yrs 

4.75E+03 

10 

43.2 

18-70  yrs 

1.90E+04 

10 

70 

The  absorption  of  chemicals  by  the  gastrointestinal  tract  is  lower  when  the 
ingested  chemical  is  bound  to  a  solid  matrix  like  soil,  compared  to  absorp¬ 
tion  of  the  pure  chemical  or  the  chemical  dissolved  in  water.  This 
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difference  in  absorption  is  called  a  matrix  effect.  The  matrix  effect  for 
chemicals  in  soil  is  reported  to  be  0.43  (Poiger  and  Schlatter,  1979). 


Lifetime  Oral  Intake  Factor^Q^I  = 

,  50  2.74E+02  ^  200  y  7.30E-K}2  ,  50  ^  5.48E+03 
ITT72  ^  2.56E+04  143  ^  2.56E+04  18.4  ^  2.56E+04 

10  4.75E+03  .  10  X  1.90E+04  i  ,q  absorption) 
433  ^  2.56E+04  ^  70  ^  2.56E+04  ^  aosorpxion; 


=  1.18  E+00  (0.43)  "  ^ 

=  5.09E-01  mg/kg/day 

Converting  to  kg/kg/day  *  5,09E-07  kg/kg/day 

The  lifetime  oral  soil  intake  factor  is  5.09E-07  kg/kg/day,  which  is  used 
for  both  chronic  and  carcinogenic  toxicity  evaluations. 

'  ^  \  /  /" 

The  age  range  of  1  1/2  to  3  1/2  years  old  is  utilized  to  calculate  the  soil 
intake  factor  for  /a  Short  te^m  exposure,  as  it  represents  the  most 
conservative  approach^'/  The  maximum-daily  intake  factor  for  children 
between  1%  and  3%  is  calculated  bel^w.  - 

-s.  N;.  %. 

Subchronic  Daily  Intake  Factor 


iSodrWefght'ki^. 

=  (0-«)  > 


*6.1  mg/kg/day 


Converting  to  kg/kg/day  =  6.10E-06  kg/kg/day 
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This  factor  was  used  to  calculate  the  subchronic  hazard  index  for  soils. 

5.3  VEGETABLES 

Vegetables  can  be  contaminated  by  chemicals  being  deposited  directly  on 
leaves  or  by  uptake  from  the  soil.  Low  concentrations  of  indicator 
chemicals  are  expected  in  soil  from  deposition  because  of  the  low  deposi¬ 
tion  rates  and  the  further  dilution  in  soil  from  tilling.  This  will  result 
in  low  concentrations  in  vegetables,  in  addition  to  the  fact  that  the 
vegetables  lack  an  active  uptake  mechanism  for  most  of  the  indicator 
chemicals.  Plant  uptake  from  soil  is  assumed  to  result  in  insignificant 
increases  in  concentrations  in  plants  compared  to  direct  deposition  on 
plants,  and  is  not  considered  in  this  health  risk  assessment.  Human  intake 
of  chemicals  by  ingestion  of  garden  vegetables  is  calculated^  using  the 
following  assumptions  concerning  the  intake  of  potentially  contaminated 
vegetables:  \  ^  /• .  \ 

•  The  daily  intake  of  vegetables  is  200  g/day  (US  EPA,  1989). 

•  The  average  lifetime  body  weight  is  70  kg.\ 

•  The  grpwifig  season  is  four  months'. 

•  Garden-grown  Teafy  vegetables  are  available  for  consumption  over 
a  two-month  period  each/ year;  eight  weeks  are  required  for  growth 
to  harvesting  size. 

•  Preparation  of  the" ^  eating  include  washing  which 

removes  only  50  percent  of  the  deposited  contaminants. 

•  When  -garden-grown  '  vegetables  are  available,  they  make  up  25 
percent  of  the  total  vegetables  consumed  (US  EPA,  1989). 

•  The  exposure  period  is  two  growing  seasons  (years),  which  would 
be  included  in  the  1.5  years  required  to  incinerate  the  Basin  F 
liquid. 
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Using  the  above  assumptions,  the  lifetime  daily  intake  factor  for  vegetable 
intake  is  calculated  as  follows: 


Lifetime  Daily  Intake  Factor  (Vegetables)  = 


'n(E)(PC)(PVU%  Not  Removed! 


Where:  /) 

J  / 

/  / 

BW  =  Body  Weight,  kg  //  /  , 

I  =  Daily  intake  of  vegetables,  kg/day 

%  Not  Removed  *  Percent  contaminants  remaining  on  vegetables  after 
washing  // 

E  =  Exposure  time  of  garden  vegetables  (years) 

PC  *  Percentage  of  year  that  garden  vegetables  are 

consumed  \ 

PV  =  Percentage  of  garden  vegetables  consumed  (Compared  to 

total  vegetable  intake)  , /  /' 

YL  YeaYs  of  a\l^^  \  < 

Lifetime  Daily  Intake  Factor  (Vegetables)  =  > 


=  /i.28E-p6  4/kg/day  ''' 

"X.::.  "X/  /  X  /'  , 

X.  /■  "x,,  XX 

A  second  more  conservative  approach  to  Vegetable  intake  assumes  that  garden 
vegetables  are  canned  and  are  availible  over  the  entire  year. 


(0.2  kq/da 


70  kg)  *  ^(70  years] 
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The  lifetime  intake  factor  for  vegetables  using  this  assumption  calculated 
as  follows: 

fO.2  kq/da.y)(0.50U1.5  years) (12/12) (0-25) 

■  (70  kg)  (70  years) 

=  7.65E-06  kg/kg/day 

The  intake  factors  calculated  in  this  section  and  used  in  the  risk 
calculations  are  summarized  in  the  following  table: 


Exposure  Route 

Inhalation  Air  (Adults) 
Inhalation  (Children) 
Ingestion  Soil 
Ingestion  Vegetables 
Ingestion  Vegetables  (Max) 
On-Site  Inhalation  Air 


_ Intake  Factor _ 

Lifetime  Subchronic 


6.12E-03 

i.67E-02:“ 

5.09E-0'7 

1.28E-06 

7.65E-06 

1.62E-03 


2.86E-01 

7.81E-01 

6.10E-06 


3.17E-01 
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6.0 

_ TOXICITY  ASSESSMENT 

Toxicity  assessment  consists  of  two  steps.  One  is  to  summarize  the  known 
information  on  each  chemical's  toxicological  properties,  and  the  second  is 
to  identify  critical  toxicity  values  which  is  given  below.  Critical 

toxicity  values  are  used  to  evaluate  the  carcinogenic  and  noncarcinogenic 
health  risks.  Critical  toxicity  values  are  EPA  published  values  which 
reflect  the  degree  of  toxicity  of  chemicals.  The  EPA  derivation  of 

critical  toxicity  values  uses  evaluations  by  the  Carcinogen  Assessment 
Group,  Health  Effects  Assessment  documents,  and  its  own  verified  reference 
doses.  The  critical  toxicity  values  which  describe. the  degree  of  toxicity 

for  a  chemical  are:  /  , 

-1^  / 

•  The  acceptable  intake  for  subchronic  exposure  (AIS) 

•  The  acceptable  intake  for  chronic  exposure  (AIC) 

•  The  carcinogenic  potency  factor  (for  potential’  carcinogenic 

effects  only).  '■.//' 

\  /  \  \  / 

•  Reference  doses  \  C  \/  / 

/  \  ^  “S  \  \ 

EPA  has  not  derived  critical  toxicity  values  for  alT  of  the  RMA  indicator 

chemicals.  The  guidance  in  SPHEM,'  when  there  are  no  critical  toxicity 

values,  is  to  contact  the  Environmental  Criteria  and  Assessment  Office 

(ECAO)  and  request  whether  the  toxicity  information  may  be  available. 
Because  of  time  constraints  in  the  preparation  of  this  public  health  risk 
assessment  and  the  length  of  time  typically  required  to  receive  a  response 
from  ECAO,  a  conservative  approach  was  taken.  This  approach  required 

several  assumptions  to  assign  critical  toxicity  values  which  would  not 
underestimate  the  actual  noncarcinogenic  health  risks.  The  following 
assignments  were  made: 

•  The  available  AIS  or  AIC  from  one  route  of  intake  was  used  when 
another  intake  route  did  not  have  a  value. 
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•  When  a  chemical  did  not  have  an  AIS  or  AIC,  the  values  from  a 
chemical  with  a  similar  chemical  structure  and  toxicological 
properties  was  used. 

Specific  critical  toxicity  values  are  available  for  ingestion  and 
inhalation  routes  of  exposure.  The  critical  toxicity  values  which  are 
available  for  the  RMA  indicator  chemicals  are  presented  in  the  tables  in 
Section  7.0.  // 
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7.0 

_ RISK  CHARACTERIZATION 

This  risk  assessment  step  evaluates  and  summarizes  the  carcinogenic  and 
noncarcinogenic  health  risks  associated  with  each  population  and  exposure 
scenario  used  in  this  risk  assessment.  This  risk  evaluation  follows 
recommendations  and  procedures  for  implementation  of  Superfund  risk 
assessment  guidelines  by  ERA  Region  IX  (1988b),  guidelines  from  the 
"Superfund  Public  Health  Evaluation  Manual"  \(SPHEM),  and  the  Superfund 
Exposure  Assessment  Manual  (SEAM).  These  documents  represent  the  U.S. 
Environmental  Protection  Agency's  latest  guidelines  for  performing  health 
risk  assessments.  Region  IX  is  the  only  EPA  region  t:o  date  to  publish  risk 
assessment  guidelines.  As  such,  this  risk  assessment  addresses  a  range  of 
acceptable  estimated  cancer  risks  from  l.OOE-04  to  l.OOE-07.  This  risk 
evaluation  also  agrees  with  Region  IX /guidance  that,  a  l.OOE-06  estimated 

cancer  risk  is  not  considered  a  de  factor  standard,  ''x  ,, 

"x/ 

Cancer  risk  values  derived  using  the  ‘approach  recoiranended  in  SPHEM  are 
upper  bound  estimates  of  excess  cancer  potentially/arisifig  from  lifetime 
exposures  to  the  cheiriicaT.  i n  question.  ,  A  number  of  assumptions  have  been 
made  in  the  derivation  of  these  values,  the  actual  -^  of  cancer  is 

likely  to  be  lower  than*'the  estimates  in  this  report  which  calculated  the 
risk  as  recommended  in  SPHEM,  and  may  even  be  zero.  The  noncarcinogenic 
health  hazard  (hazard  index)  may  also  be  overestimated,  since  the 
assumption*  of  additivity  (of  noncarcinogenic  toxic  effects)  reflected  in 
the  hazard  index /equation,  /is  most  prdberly  applied  to  compounds  that 
induce  the  same  systemic  toxic  etfect  by  the  same  mechanism.  Application 
of  the  equation  to  a  mixture  of ^  compounds  that  do  not  induce  the  same 
systemic  toxic  effects  may  overestimate  the  potential  for  health  risk. 

The  noncarcinogenic  and  carcinogenic  risks  are  discussed  separately  below. 
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7.1  NONCARCINOGENIC  RISKS 

Noncarcinogenic  risks  are  evaluated  by  comparing  the  daily  intake  of 
chemicals  which  exhibit  noncarcinogenic  effects  with  their  respective 
reference  doses.  The  evaluation  of  noncarcinogenic  risk  follows  the  risk 
assessment  guidance  given  in  SPHEM.  Any  single  chemical  with  an  exposure 
level  greater  than  the  reference  level  may  cause  concern  for  a  potential 
health  risk.  To  assess  the  overall  potential  for  noncarcinogenic  effects 
posed  by  multiple  chemicals,  a  hazard  index  approach  has  been  developed 
based  on  EPA's  Guidelines  for  Health  Risk  Assessment  of  Chemical  Mixtures 
(Chapter  7.1,  EPA  1986).  This  approach  assumes  that  multiple  exposures  to 
subthreshold  levels  of  chemicals  may  result  in  an  adverse  effect.  The 

hazard  index  is  the  sum  of  the  daily  intake  divided  by  their  respective 
reference  levels.  A  significant  deficiency  in  the  hazard  index  approach  is 
its  failure  to  identify  different  toxicological  end  points  for  the 

potentially  toxic  chemicali  that  may  bd' present.  The  hazard  index  can 

exceed  one  for  multiple  chemical  exposures  even  if  no  single  chemical 

exceeds  its  acceptable  level.  \  J  , 

/X. 

The  hazard  index  can  be  estimated  for  either  subchtonic  (less  than  90-day 
exposure)  or  chronic  (over  90"days) exposures.  "^The  subchronic  exposures 
were  evaluated using  the  maximum  8-hour'air  dispersion  modeling  results  for 
inhalation,Xhe  1%  to  3H  year  old  child  soil  ingestion  rate,  and  the  daily 
intake  of  home  grown  vegetables  each  day  of  the  year. 

The  hazard  index  is  calculated  by  dividing  the  daily  intake  by  the 

reference  level  which  corresponds  to  the  route  of  exposure.  The  formula 
for  hazard  index  calculation  is:  ' 

...  Daily  Intake 

Hazard  Index  .  Acceptable  IntTI^ 


7-2 

22206  ( 22206 r6-7  01-22-90)  (RMB) 


Woodward'dyde  Consultants 


Daily  intakes  based  on  exposures  longer  than  90  days  are  divided  by  the 
acceptable  intake,  chronic  (AIC).  Daily  intakes  based  on  exposures  less 
than  90  days  are  divided  by  the  acceptable  intake,  subchronic  (AIS). 

7.2  CARCINOGENIC  RISKS 

Carcinogenic  risks  are  estimated  as  probabilities.  The  carcinogenic 
potency  factor,  which  is  an  upper  95  percent  confidence  limit  on  the 
probability  of  response  per  unit  intake  'of  a  chemical  over  a  lifetime 
(i.e.,  only  5  percent  chance  that  the', probability  of  response  could  be 
greater  than  the  estimated  value  on  the  basis  of  the  experimental  data 
used),  converts  estimated  lifetime  daily  intakes  directly  to  incremental 
risk.  Because  the  exposure  assessment  in  this  risk  assessment  is 
conservative,  as  are  assumptions  used  by  the  ERA  to  calculate  the 
carcinogenic  potency  factor,  the  resultant  predicted  risk  is  an  tipper-bound 
estimate.  Consequently,  carcinogenic  risk  .determined  Jn„  this  report, 
following  the  procedures  in  SPHEM,  may  overestimate  the  actual  risk  at  a 
site,  and  the  actua,!,  risk  may,  be  zero.  this approach  ensures  that 
carcinogenic  risk  w,i  11  pot  be  underestimated.  Carcinogenic  risks  are 
calculated  by  multiplying  the  chronic  or  lifetime  daily  intake  quantity  by 
the  carcinogenic  potency  factor.  <  In this  risk  assessment  the  maximum 
exposure  concentrations ''at  each  exposure  point  were  chosen  to  evaluate 

health  risks.  *  k  > 

'  i  /  '■'% 

i  ^  ^  /' 

Cancer  risks  are  assumed  to  be  additive.  "Thus  cancer  risks  from  inhalation 
of  various  chemicals  is  additive,  as  are  the  cancer  risks  from  the  exposure 
routes  (inhalation  and  ingestion). 

7.3  SUMMARY  OF  PUBLIC  HEALTH  RISKS 

The  carcinogenic  risk,  the  subchronic  hazard  index,  and  the  chronic  hazard 
index  have  been  calculated  for  each  population  and  each  route  of 
exposure.  These  health  risks  were  calculated  using  two  different  sets  of 
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indicator  chemicals.  The  first  approach  used  both  the  chemicals  actually 
detected  in  the  stack  gas  of  a  pilot  incineration  test  and  several 
chemicals  which  could  potentially  be  present  in  low  concentrations  in  the 
stack  gas,  based  on  the  composition  of  Basin  F  liquids.  The  second 
approach  used  only  those  chemicals  actually  detected  in  the  stack  gas. 

A  summary  of  the  carcinogenic  risk  for  each  population  and  the  two  sets  of 
chemicals  is  given  in  Table  7-1.  The  carcinogenic  risks  range  from  3.26E- 
09  to  4.55E-07.  A  summary  of  the  chronic  exposure  hazard  index  is  given  in 
Table  7-2.  The  chronic  hazard  index  ranges  from  2.47E-06  to  2.79E-04.  A 
summary  of  the  subchronic  exposure  hazard  index  is  given  in  Table  7-3.  The 
subchronic  hazard  index  ranges  from  2.59E-04  to  3.69E-03.  The  remaining 
tables,  7-4  through  7-47,  show/the  detailed  risk  calculations  for  each 
receptor  population.  ’ 
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Table  7-4 

Inhalation  Risk  Calculations  -  Adults 
Including  Chemicals  Not  Detected  in  the  Stack 
On-Site  Receptors 


Carcinogenic  Risk  - 

Inhalation 

Chemical 

Carcinogens 

Chemical 

Concentration 

mg/m3 

Lifetime 
Inhalation 
Intake  Factor 
«3/kg/day 

Daily  Intake 
mg/kg/day 

Carcinogenic 

Potency 

Factor 

(mg/kg/day)- 1 

Carcinogenic 

Risk 

Arsenic 

Cadniim 

Chromitm  VI 

HxCDF 

PeCDF 

Dioxin 

TeCDF 

NxCDD 

Aldrin 

Dieldrin 

Methylene  Chloride 
Carbon  tetrachloride 
PeCDD 

Chloroform 


4.98E-008 

5.41E-008 

4.93E-009 

3.62E-012 

5.62E-013 

7.90E-014 

3.68E-013 

2.72E-013 

2.10E-010 

1.81E-010 

1.69E-007 

1.75E-008 

1.90E-013 

4.99E-009 


1.62E-003 
1.62E-003 
1.62E-003 
1.62E-003 
1.62E-003 
1.62E-003 
1.62E-003 
1.62E-003 
1.62E-003 
1.62E-OOS 
1 .62E>cf03 
1 .62E^Qpt 
1.62E-003. 
1.62E-003 


Hazard  Index  -  Inhalation  - 
Subchronic  (8  Hour) 


Chemical 

(Non- Carcinogens) 


Coi 


8.06E/8>f 
8.7^/l 
7y98E^W2 
^QSErOTS 
9y10E-bl6  X 
4^28E-01K 
5.96E-016 
4.41E-016 
3.40E-013 
2.94E-013 
/  -  2.74E-010 
.  //2.84E-011 
/  3.08E-016 

N  \8.08E-012 


5.00E+001 
6.10E^OOO 
4.10E+001 
1 .56E+004 
7.80E+004 
1.56E+005 
1.56E+004 
1.56E+004 
1.70E+001 
1.60E+001 
1.40E-002 
1.30E-001 
7.80E+003 
002 


Da  fly 
Inhalation 
Intake^actor 
m3/kg/day 


/ 


/'■ 


Daily  Intake" 
mg/kg/day 


\Acteptable  Intake 
\/subchronic 
Exposure 
y  mg/kg/day 


Copper 

Barium 

Mercury  (inorganic) 

Antimony 

Cadmiim 

Nickel 


,..4?T6E-005'X.  / 

i>^006 

7.^e\007 
3.0fE|O06 

1 .2Ie|006 

^6r-007 


3,17E-t)0f 
3.17E-00K 
3^-001 
i7l-001 
^  „  ITE-OOI 
'"^.^-001 


X. 

X|.32E-005 
X  1-20E-006 
.  X2 -328^07 
X.^  9.80E-007 

2.93E-007 


1.00E-002 

1.40E-003 

5.10E-004 

4.00E-003 

1.00E-002 

2.00E-002 


Hazard  Index  -  Inhalation  - 
Chronic 


Total 


Chemical 

(Non- Carci nogens ) 


Chemical 

Concentration 

ing/m3 


Lifetime 
Inhalation 
Intake  Factor 
m3/kg/day 


Daily  Intake 
mg/kg/day 


Acceptable  Intake 
Chronic 
Exposure 
mg/kg/day 


4.03E-009 

5.35E-010 

3.27E-010 

9.16E-011 

7.10E-011 

2.00E-011 

9.29E-012 

6.87E-012 

5.78E-012 

4.70E-012 

3.84E-012 

3.69E-012 

2.40E-012 

6.54E-013 


5.11E-009 


Hazard 

Index 


1.32E-003 

8.56E-004 

4.56E-004 

2.45E-004 

3.99E-005 

1.47E-005 


2.93E-003 


Hazard 

Index 


Copper 

1.79E-006 

1.62E-003 

2.89E-009 

l.OOE-003 

2.89E-006 

Barium 

1.62E-007 

1.62E-003 

2.63E-010 

1.40E-004 

1.88E-006 

Mercury  (inorganic) 

3.15E-008 

1.62E-003 

5.10E-011 

5.10E-005 

1.00E-006 

Antimony 

1.33E-007 

1.62E-003 

2.15E-010 

4. DOE -004 

5,38E-007 

Cadmi m 

5.41E-008 

1.62E-003 

8.77E-011 

1.00E-003 

8.77E-008 

Nickel 

3.98E-008 

1.62E-003 

6.44E-011 

2.00E-002 

3.22E-009 

Total 


6.40E-006 
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Table  7-5 

Oral  Risk  Calculations  -  Soil 
Including  Chemicals  Mot  Detected  in  the  Stack 
On-Site  Receptors 


Carcinogenic  Risk 

-  Oral 

Chemical 

Carcinogens 

Chemical 
Concentration 
in  Soil 
mg/kg 

Lifetime  Oral 
Intake  Factor 
kg/kg/day 

Daily  Intake 
ng/kg/day 

Carcinogenic 

Potency 

Factor 

<(ng/kg/day)-1 

Carcinogenic 

Risk 

Cadmiijn 

Chromium  VI 

Arsenic 

HxCDF 

PeCOF 

Dioxin 

TeCDF 

HxCDD 

Aldrin 

Dieldrin 

PeCDD 

6.38E-002 

5.81E-003 

5.87E-002 

4.27E-006 

6.63E-007 

9.30E-008 

4.33E-007 

3.21E-007 

2.47E-004 

2.14E-004 

2.24E-007 

5.09E-007 

5.09E-007 

5.09E-007 

5.096-007 

5. 096-007 

5.096-007 

5.096-007 

5.096-007 

5.096-007  / 

5.096-007 

5.09E-007 

3.25E-008 
2.96E-009 
2.99E-008 
.  2.17E-012 
3.37E-013 
4.70E-014 
2.21E-013 
1.63E-013 
1.26E-010 
1.09E-010 
1.14E-013 

6.106+000 

6.106+001 

1.756+000 

1.566+004 

7.806+004 

1.566+005 

1.566+004 

1.566+004 

1.716+001 

1.606+001 

7.806+003 

1.98E-007 

1.21E-007 

5.23E-008 

3.39E-008 

2.63E-008 

7.38E-009 

3.44E-009 

2.55E-009 

2.15E-009 

1.74E-009 

8.91E-010 

Tptal- ' 

X  '"v  /  / 

4.506-007 

Hazard  Index  -  Subchronic  - 
Oral  (Maximum  Exposure  -Child) 

\  tf..  .  " 

\/  / 

Chemical 

(Non-Carcinogens) 

Chemical 
Concentration 
In  Soi 1% 
mg/kg  ^ 

Subchronic 

Oral 

\  Intake  Factor 

1  kg/kg/day 

Daily  Intake 
mg/kg/day 

X  /'  X  ...  / 

\  Acceptable  Intake 
/  Subchronic 
\,  \  Exposure 

ng/kg/day 

\  /■ 

Hazard 

Index 

Copper 

Antimony 

Mercury  (inorganic) 

Cacknium 

Nickel  /  /" 

Barium  / 

/  / 

2.11E+000 

1.57E-001 

3.71E-002 

6.38E-002 

4.69E-002 

1.91E-001 

6.10E-006' 

6.10E-006 

6.10E-006 

6.10E-006 

6.10E-006 

J6.10E-006 

.  1.28E-005 

9.56E-b07 

2.27E-007 

3.89E-007 

2.86E-007 

^.17E-006 

3.70E-002 

4.00E-003 

2.00E-003 

1.00E-002 

2.00E-002 

5.10E-001 

3.47E-004 

2.39E-004 

1.13E-004 

3.89E-005 

1.43E-005 

2.29E-006 

/  / 

/  /% 

/  / 

'S::.  £ 

Total 

7.55E-004 

Hazard  Index  -  Oral  - 

Chronic 

" '  / 

'V,  'v, 

''x. 

Chemical 

(Non-Carcinogens) 

Chemical 
Concentration 
in  Soil 
mg/kg 

Llfetiaie  Oral 
Intake  Factor 
kg/kg/day 

Daily  Intake 
ng/kg/day 

Acceptable  Intake 
Chronic 
Exposure 
mg/kg/day 

Hazard 

Index 

Antimony 

Cadnium 

Copper 

Mercury  (inorganic) 

Bariun 

Nickel 


1.57E-001 

5.096-007 

7.98E-008 

4.00E-004 

1.996-004 

6.38E-002 

5.096-007 

3.25E-008 

1.00E-003 

3.256-005 

2.11E‘*'000 

5.096-007 

1.07E-006 

3.70E-002 

2.906-005 

3.71E-002 

5.096-007 

1.89E-008 

2.00E-003 

9.456-006 

1.91E-001 

5.096-007 

9.74E-008 

5.10E-002 

1.916-006 

4.69E-002 

5.096-007 

2.39E-008 

2.00E-002 

1.196-006 

Total  2.73E-004 
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Table  7-6 

Inhalation  Risk  Calculations  -  Adults 
Including  Chemicals  Not  Detected  in  the  Stack 
Fenceline  Receptors 


Carcinogenic  Risk  -  Inhalation 


Chemical 

Carcinogens 


Arsenic 

Cadmium 

Chromiun  VI 

HxCDF 

PeCDF 

Dioxin 

TeCDF 

HxCDD 

Aldrin 

Dieldrin 

Methylene  Chloride 
Carbon  tetrachloride 
PeCDD 

Chloroform 


Chemical 

Concentration 

mg/m3 

Lifetime 
Inhalation 
Intake  Factor 
in3/kg/day 

Daily  Intake 
mg/kg/day 

Carcinogenic 

Potency 

Factor 

(mg/kg/day) -1 

2.34E-008 

6.12E-003 

1.43E4ld 

5.00E+001 

2.55E-008 

6.12E-003 

1.56€-dl0 

6.10E+000 

2.32E-009 

6.12E-003 

i42E-011 

4.10E+001 

1.70E-012 

6.12E-003 

T.OOE-014 

1.56E+004 

2.64E-013 

6.12E-003 

1.62E-dl5 

7.80E+004 

3.70E-014 

6.12E-003 

2.29E-016 

1.56E+005 

1.73E-013 

6.12E-003 

1.00E-015 

f  1.56E+004 

1.28E-013 

6.12E-003 

7.83E-016 

1.56E+004 

9.88E-011 

6.12E-003  . 

6.04E-013 

1.70E+001 

8.53E-011 

6.12E-003 

5.22E-013 

1.60E+001 

7.95E-008 

6.12E-003 

4.87E-010 

1.40E-002 

8.25E-009 

6.12E-003 

5.05E-011 

1.30E-001 

9.00E-014 

6.12E-0d3 

5.51E-016 

/  .  7.80E+003 

2.34E-009 

6.12E-003 

1.44E-011 

8.10E-002 

Carcinogenic 

Risk 


7.16E-009 

9.50E-010 

5.82E-010 

1.63E-010 

1.26E-010 

3.53E-011 

1.65E-011 

1.22E-011 

1.03E-011 

8.35E-012 

6.81E-012 

6.56E-012 

4.30E-012 

1.16E-012 


Hazard  Index  -  Inhalation  - 
Subchronic  (8  Hour) 


9.09E-009 


Chemical 

(Non- Card nogens) 

Chemical 

Concentration 

mg/m3 

1  Dai ly 

Inhalation 
Intake  Factor  / 
iti3/kg/day  ; 

"x 

Daily  Intake 
mg/kg/day 

Acceptable  Intake 
Subchronic 
Exposure 
/  mg/kg/day 

Hazard 

Index 

Copper 

Barium  / 

Mercury  (inorganic)  /  / 
Antimony  1  "" 

Cadmium 

Nickel 

8.74E-006"^^"^^ 
7.95E-007 
^  1.5%E|007 

%  6.5dEl007 

X  2.65EI007 

S  X.  l.^E-007 

/  2.86E-001 

2.86E-001 
2/86E-001 
2-8^-001 
,  2.86E-001 
2.8^-001 
'  <.  / 

2.50E-006 

2.27E-007 

4.41E-b08 

i.86E-007 

7,58E-008 

5.57E-008 

1.00E-002 

1.40E-003 

5.10E-004 

4.00E-003 

1.00E-002 

2.00E-002 

2.50E-004 

1.62E-004 

8.65E-005 

4.65E-005 

7.58E-006 

2.78E-006 

x,/ 

Total 

5.56E-004 

Hazard  Index  -  Inhalation  - 
Chronic 

Chemical 

(Non- Card  nogens) 

Chemical 

Concentration 

mg/m3 

Lifetime 
Inhalation 
Intake  Factor 
mS/kg/day 

Daily  Intake 
mg/kg/day 

Acceptable  Intake 
Chronic 
Exposure 
mg/kg/day 

Hazard 

Index 

Copper 

Bariim 

Mercury  (inorganic) 
Antimony 

Cadnium 

Nickel 

8.40E-007 

7.64E-008 

1.48E-008 

6.25E-008 

2.55E-008 

1.87E-008 

6.12E-003 

6.12E-003 

6.12E-003 

6.12E-003 

6-12E-003 

6.12E-003 

5.14E-009 

4.67E-010 

9.07E-011 

3.82E-010 

1.56E-010 

1.14E-010 

l.OOE-003 

1.40E-004 

5.10E-005 

4.00E-004 

1,00E-003 

2.00E-002 

5.14E-006 

3.34E-006 

1.78E-006 

9.56E-007 

1.56E-007 

5.72E-009 

Total  1.14E-005 
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Table  7-7 

Inhalation  Risk  Calculations  -  6-year-old  children 
Including  Chemicals  Not  Detected  in  the  Stack 
Fence line  Receptors 


Carcinogenic  Risk  - 

Inhalation 

Chemical 

Carcinogens 

Chemical 

Concentration 

mg/iiiS 

Lifetime 
Inhalation 
Intake  Factor 
m3/kg/day 

Daily  Intake 
mg/kg/day 

Carcinogenic 

Potency 

Factor 

(mg/kg/day)- 1 

Carcinogenic 

Risk 

Arsenic 

Cadmi  urn 

Chromium  VI 

HxCOF 

PeCDF 

Dioxin 

TeCDF 

HxCDD 

Aldrin 

Dieldrin 

Methylene  Chloride 
Carbon  tetrachloride 
PeCDD 

Chloroform 


2.34E-008 

2.55E-008 

2.32E-009 

1.70E-012 

2.64E-013 

3.70E-014 

1.73E-013 

1.28E-013 

9.88E-011 

8.53E-011 

7.95E-008 

8.25E-009 

9.00E-014 

2.34E-009 


1.67E-002 

1.67E-002 

1.67E-002 

1.67E-002 

1.67E-002 

1.67E-002 

1.67E-002 

1.67E-002 

1.67E-002 

1.67E-002 

1.67E-.602 

1.67E^002 

1.67E-b02 

1.67E-002 


3,91E-OtO 

4.25E-010 

3.87E-011 

2.8OE-014 

U.41E-015 

4.18E-016 

2.89E-015 

2.14E-015 

1.65E-012 

1.42E-012 

1.33E-009 

1.38E-010 

1.53E-015 

3.92E-011 

.  >' 


5.00E+001 

6.10E+000 

4.10E+001 

1.56E+004 

7.80E+004 

1.56E+005 

1.56E+004 

1.56E+004 

1.70E+001 

1.60E+001 

1.40E-002 

1.30E-001 

7.80E+003 

8.10E-002 


1.95E-008 

2.59E-009 

1.59E-009 

4.44E-010 

3.44E-010 

9.64E-011 

4.50E-011 

3.33E-011 

2.80E-011 

2.28E-011 

1.86E-011 

1.79E-011 

1.17E-011 

3.17E-012 


Total  2.48E-008 


Hazard  Index  -  Inhalation  - 
Subchronic  (8  Hour) 


Chemical 

(Non-Carcinogens) 


/Chemical-^ 
Concentration 
%  iiig/in3 


Dai  ly 
Inhalation 
Intake  Factor 
m3/kg/day 


Daily  Intake 
mg/kg/day 


\ Accept able  Intake 
-  Subchronic 
Exposure 
mg/kg/day 


Hazard 

Index 


Copper 
Bar  inn 

Mercury  (inorganic) 

Antimony 

Cadmiim 

Nickel 


.  8.74E-006 

7.81E-001 

6.83E-006 

1.00E-002 

6.83E-004 

7v95E-007  ' 

7.81E-001 

6.21E-007 

1.40E-003 

4.43E-004 

1 .54E-007 

7a81E-001 

1.20E-007 

5.10E-004 

2.36E-004 

6.5bE^007 

.7.81E-001 

5a08E-007 

4.00E-003 

1.27E-004 

2.b5E-007 

7.81E-001 

.2.07E-007 

1.00E-002 

2.07E-005 

X.  yb58-007  / 

t.81E-001 

r.52E-007 

2.00E-002 

7.60E-0CI6 

Total 

1.52E-003 

Hazard  Index  -  Inhalation 
Chronic 


Chemical 

(Non-Carcinogens) 


Chemical 

Concentration 

mg/m3 


Lifetime 
Inhalation 
Intake  Factor 
«5/kg/day 


Daily  Intake 
mg/kg/day 


Acceptable  Intake 
Chronic 
Exposure 
mg/kg/day 


Hazard 

Index 


Copper 

Bariun 

8.40E-007 

1.67E-002 

1.40E-008 

1. DOE -003 

1.40E-005 

7.64E-008 

1.67E-002 

1.28E-009 

1.40E-004 

9.11E-006 

Mercury  (inorganic) 
Antimony 

Cadmium 

1.48E-008 

6.25E-008 

1.67E-002 

1.67E-002 

2.47E-010 

1.04E-009 

5-10E-005 

4.00E-004 

4.85E-006 

2.61E-006 

2.55E-008 

1.67E-002 

4.25E-010 

1 ,008-003 

4.25E-007 

Nickel 

1.87E-008 

1.67E-002 

3.12E-010 

2.00E-002 

1.56E-008 

Total 

3.10E-005 
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Table  7-8 

Oral  Risk  Calculations  -  Soil 
Including  Chemicals  Not  Detected  in  the  Stack 
Fenceline  Receptors 


Carcinogenic  Risk  -  Oral 


Chemical 

Carcinogens 

Chemical 
Concentration 
in  Soil 
lag/kg 

Lifetime  Oral 
Intake  Factor 
kg/kg/day 

Daily  Intake 
mg/kg/day 

Carcinogenic 

Potency 

Factor 

(mg/kg/day) -1 

Carcinogenic 

Risk 

Cadni  urn 

Chromium  VI 

Arsenic 

HxCDF 

PeCDF 

Dioxin 

TeCDF 

Aldrin 

Dieldrin 

2.01E- 

1.83E- 

1.85E- 

1.35E- 

2.09E- 

2.93E- 

1.37E- 

7.80E- 

6.74E- 

003 

004 

003 

007 

>008 

•009 

•008 

■006 

•006 

5.09E-007 

5.09E-007 

5.09E-007 

5.09E-007 

5.09E-007 

5.09E-007 

5.09E-007 

5.09E-007 

5.09E-007 

1 .02E-009 
9.32E-d1l 
9.41E-010 
.4.9bE-014 
<  K10E-014  N 
i.49E-015  X 
7.00E-015 
3.97E-012 
3.43E-012 

6.10E+000 

4.10Et-001 

1.75E+000 

1.56E+004 

7.80E+004 

N  1.56E+005 

1.56E+004 
1.71E+001 
1.60E+001 

6.24E-009 

3.82E-009 

1,65E-009 

1.07E-009 

8.29E-010 

2.33E-010 

1.08E-010 

6.79E-011 

5.49E-011 

Total 

C  / 

1.41E-008 

:  Hazard  Index  -  Subchronic  - 
Oral  (Maxiirun  Exposure  -Child) 

/  / 

Chemical 

(Non- Care! nogens) 

Chemical 
Concentration 
in  Soil 
irtg/kg 

Subchronic 

Oral 

Intake  Factor 
kg/kg/day 

Daily  Intake 
^ifig/kg/day 

Acceptable  Intake 
'  Subchrdnic 
Exposure 
mg/kg/day 

Hazard 

Index 

Copper 

Antimony 

Mercury  (inorganic) 

Cadmium 

Nickel 

Barium 

/  / 

^i,64E-002  . 
4.94E-003 
1.71E-003 
2.01E-003  ^ 
1.48E-003 
'  ’  6.03E-003 

6.10E-006 
6.10E-006  / 
6.10E-006 
6.10E-006 
>  6.10E-006 

^  6,10E-006 

4.05E-007 
3.01E-008 
.  1.04E-008 

"  1.23E-008 
9.02E-009 
3.68E-008 

^  3.70E-002 

4.00E-003 
/  2.00E-003 

l.OOE-002 
2.00E-002 
5.10E-001 

1.09E-005 

7.53E-006 

5.22E-006 

1.23E-006 

4.51E-007 

7,22E-008 

/  c 

/'  / 

/  f 

4'' 

"‘V  > 

Total 

2.54E-005 

"v. 

Hazard  Index  -  Oral  - 

Chronic 

i  i.  /> 

'  s,  ’  / 

Chemical 

(Mon- Carcinogens) 

Chemical 
Concentration 
in  Soil 
mg/kg 

Lifetime  Opal 
Intake  Factor 
kg/kg/day 

Daily  Intake 
tng/kg/day 

Acceptable  Intake 
Chronic 
Exposure 
mg/kg/day 

Hazard 

Index 

Antimony 

Cadmiun 

Copper 

Mercury  (inorganic) 

Barium 

4.94E-003 

2.01E-003 

6.64E-002 

1.71E-003 

6.03E-003 

5.09E-007 

5.09E-007 

5.09E-007 

5.09E-007 

5.09E-007 

2.51E-009 

1.02E-009 

3.38E-008 

8,70E-010 

3.07E-009 

4.00E-004 

1.00E-003 

3.70E-002 

2.00E'003 

5.10E-002 

6.28E-006 

1.02E-006 

9.13E-007 

4.35E-007 

6.02E-008 

Total 


8.71E-006 
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Table  7-9 

Oral  Risk  Calculations  *  Vegetables 
Including  Chemicals  Not  Detected  in  the  Stack 
Fence line  Receptors 


Carcinogenic  Risk  - 

Oral  * 

Chemical 

Carcinogens 

Chemical 
Concentration 
in  Vegetables 
mg/kg 

Lifetime  Oral 
Intake  Factor 
kg/kg/day 

Daily  Intake 
ng/kg/day 

Carcinogenic 

Potency 

Factor 

(mg/kg/day>-1 

Cadmiun 

Chromium  VI 

Arsenic 

HxCDF 

PeCDF 

Dioxin 

TeCDF 

HxCDD 

Aldrin 

Dieldrin 

PeCDD 


1.62E-004 

1.48E-005 

1.49E-004 

1.09E-008 

1.69E-009 

2.36E-010 

1.10E-009 

8.16E-010 

6.29E-007 

5.44E-007 

5.71E-010 


1.27E-006 

1.27E-006 

1.27E-006 

1.27E-006 

1.27E-006 

1.27E-006 

1.27E-006 

1.27E-006 

1.27E-006 

1.27E-606 

1.27E-006 


Hazard  Index  -  Oral  -  Chronic 


Chemi ca I 
Concentration 
Chemical  in  Vegetables 

(Non- Carcinogens)  mg/kg 


/ '  ■■ 
\  \ 


f 

Lifetime  Oral 
Intake  Factor 
kg/kg/day 


Antimony 

Cadnium 

Copper 

Mercury  (inorganic) 
Barium 
Nickel 


/  . 
/  / 


3.98E-004 

1.62E-004 

5.36E-D03 

9.45E-005 

4.87E-004 

1.19E-004 


1.27E-006 

1.27E-006 

1.27E-D06 

1.27E-006 

1.27E-006 

1.27E-006 


2.06E-010 

1.88E-011 

1.89E-010 

1.40E-014 

^.00E-615 

3.00E-016 

1.00E-015 

1.00E-015 

7.99E-013 

6.90E-013 

7.25E-016 


piily  Intake 
mg/kg/day 


5.06E-010 

2.06E-010 

6.80E-009 

1.20E-010 

6.18E-010 

1.51e410 


6.10E+000 
4.10E+001 
1.75E+000 
1.56E+004 
7.80E+004 
1.56E+005 
1.56E+004 
1 .56E+004 
1.71E+001 
1.60E+001 
7.80E+003 


'x,.  Total 


Acceptable  Intake 
Chronic 
Exposure 
mg/kg/day 


4.00E-004 

1.00E-003 

3.70E-002 

2.00E-003 

5.10E-002 

2.00E-002 


Total 


Carcinogenic 

Risk 


1.26E-009 

7.70E-010 

3.32E-010 

2.15E-010 

1.67E-010 

4.69E-011 

2.18E-011 

1.62E-011 

1.37E-011 

1.10E-011 

5.65E-012 


2.86E-009 


Hazard 

Index 


1.26E-006 

2.06E-007 

1.84E-007 

6.00E-008 

1.21E-008 

7.57E-009 


1.73E-006 
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Table  7-10 

Oral  Risk  Calculations  •  Vegetables 
Maximum  Exposure 

Including  Chemicals  Not  Detected  in  the  Stack 
Fenceline  Receptors 


Carcinogenic  Risk  - 

Oral 

Chemical 

Carcinogenic 

Concentration 

Lifetime  Oral 

Potency 

Chemical 

in  Vegetables 

Intake  Factor 

Daily  Intake 

Factor 

Carcinogens 

mg/kg 

kg/kg/day 

mg/kg/day 

<itig/kg/day>-1 

Cacbniun 

UJ 

-004 

7.65E-006 

1.24i-0Ci9 

6.108-»>000 

Chromium  VI 

1.48E 

-005 

7.65E-006 

1.138-010 

4.10E+001 

Arsenic 

1.49E 

-004 

7.65E-006 

1.148-009 

1,75E+000 

HxCOF 

1.09E-008 

7.65E-006 

8.308-014 

1.56E+004 

PeCDF 

1.69E 

-009 

7.65E-006 

1.308-014 

7.808+004 

Dioxin 

2.36E 

-010 

7.65E-006 

1.808-015 

1.568+005 

TeCDF 

1.10E 

-009 

7.65E-006 

8.428-015 

1.56E+004 

HxCDD 

8.16E 

-010 

7.65E-006 ^ 

6.248-015 

1.56E+004 

Aldrin 

6.29E 

-007 

7.65E-006 

4.82E-012 

1.718+001 

Dieldrin 

5.44E 

-007 

7.65E-006 

4.16E-012 

1.608+001 

PeCOD 

5.71E 

-010 

7.65E-006 

/  4.378-015 

7.808+003 

Total 

1 

Hazard  Index  -  Oral 

-  Chronic 

'  ■>■  i 

Chemical 

%  %.f  / 

\  J 

Acceptable  Intake 

Concentration 

Lifetime  Oral 

\ 

Chronic 

Chemical 

in  Vegetables 

\  Intake  Ffctpr 

Daily  Intake 

Exposure 

(Non- Carcinogens) 

mg/kg 

^  kg/kg/day 

mg/kg/day 

mg/kg/day 

Antimony 

3.98E-004 

7.65E-006 

3.058-009 

4.008-004 

Cadmium 

1.628-004 

7.65E-006 

.  -1.248-009 

1.008-003 

Copper 

5.36E-003 

7.65E-006 

4.108-008 

3.708-002 

Mercury  (inorganic) 

...  ■ 

9,45E-005 

7.658-006 

7^238-010 

2.008-003 

Barium 

-  -  •. 

4.87E-004 

^  7.65E-0D6 

3.728-009 

5.108-002 

Nickel  /  .  ' 

’  / 

€ 

1.191 

[-004 

1 

7.658-006 

9.128-010 

2.008-002 

Carcinogenic 

Risk 


7.57E-009 

4.64E-009 

2.00E-009 

1.30E-009 

1.01E-009 

2a82E-010 

1.32E'010 

9.73E-011 

8.23E-011 

6.65E-011 

3.41E-011 


1.72E-008 


Hazard 

Index 


7.62E-006 

1.24E-006 

1.11E-006 

3.61E-007 

7.30E-008 

4.56E-008 


Total 


1.04E-005 
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Table  7-11 

Inhalation  Risk  Calculations  -  Adults 
Including  Chemicals  Not  Detected  in  the  Stack 
Nearest  Residential  Receptors 


Carcinogenic  Risk  -  Inhalation 


Chemical 

Carcinogens 

Chemical 

Concentration 

mg/mS 

Lifetime 
Inhalation 
Intake  Factor 
mS/kg/day 

Daily  Intake 
mg/kg/day 

Carcinogenic 

Potency 

Factor 

(mg/kg/day)-! 

Carcinogenic 

Risk 

Arsenic 

1.82E-008 

6.12E-003 

1.11E-0lb 

5.00E+001 

5.57E-009 

Cadmi um 

1.98E-008 

6.12E-003 

1.21E-610 

6.10E+000 

7.38E-010 

Chromium  VI 

1.80E-009 

6-12E-003 

i.iOE-on 

4.10E+001 

4.52E-010 

HxCDF 

1.32E-012 

6.12E-003 

/8.00E-015 

1.56E+004 

1.26E-010 

PeCDF 

2.06E-013 

6.12E-003 

t.OOE-015 

7.80E+004 

9.83E-011 

Dioxin 

2.90E-014 

6.12E-003 

1.77E-016 

1.56E+005 

2.77E-011 

TeCDF 

1.34E-013 

6.12E-003 

8.20E-016 

. 1.56E+004 

1.28E-011 

HxCDD 

9.90E-014 

6.12E-003 

6.06E-016 

1.56E+004 

9.45E-012 

Aldrin 

7.67E-011 

6.12E*003 

4.70E-013 

1.70E+001 

7.98E-012 

Dieldrin 

6.63E-011 

6.12E-003 

4.06E-013 

1.60E+001 

6.49E-012 

Methylene  Chloride 

6.18E-008 

6.12E-003 

>  3.78E-010 

1.40E-002 

5.29E-012 

Carbon  tetrachloride 

6.41E-009 

6.12E-003 

/  3.92E-011 

1.30E-001 

,  5.10E-012 

PeCOD 

7.00E-014 

6.12E-003 

"  4.28E-016 

/  .  7.80E+003  • 

3.34E-012 

Chloroform 

1.82E-009 

6.12E-003 

1.12E-011 

‘  8.10E-002 

9.03E-013 

\ 

\  %.  ■■■■■■ 

/"■■■  • 

,,  Total 

7.06E-009 

Hazard  Index  -  Inhalation  - 
Subchronic  (8  Hour) 

\ 

\ 

\  \ 

/ 

/ 

Chemical 

(Non-Carcinogens) 

/chemical  / 
Concentration 
mg/niS 

Daily 
Inhalation 
Intake  Factor 
m3/kg/day 

Daily  Intake 
..mg/kg/day 

Acceptable  Intake 
Subchronic 
Exposure 
mg/kg/day 

Hazard 

Index 

Copper 

Barium  ^ 

Mercury  (inorganic)  ^ 
Antimony  -  'x 

Cadmium 

Nickel 

6.68E-006 
5:53E-007 
1.07E-007 
4.52E-007 
1.^E-007 
.!  ,358-007 

2.86E-001 
2.86E-00r 
2.86E-001 
2,86E-001 
/  2.86E-001 
2.86E-001 

1.74E-006 
1.58E-007 
^3.07E-008 
.  1.29E-007 
5*27E-008 
3.87E-008 

1.00E-002 

1.40E-003 

5.10E-004 

4.00E-003 

1.00E-002 

2.00E-002 

1.74E-004 

1.13E-004 

6.02E-005 

3.23E-005 

5.27E-006 

1.94E-006 

s,/ 

Total 

3.87E-004 

Hazard  Index  -  Inhalation  - 
Chronic 

Chemical 

(Non-Carc i nogens ) 

Chemical 

Concentration 

mg/m3 

Lifetime 
Inhalation 
Intake  Factor 
«3/kg/day 

Daily  Intake 
mg/kg/day 

Acceptable  Intake 
Chronic 
Exposure 
mg/kg/day 

Hazard 

Index 

Copper 

Barium 

Mercury  (inorganic) 
Antimony 

Cacftni  urn 

Nickel 

6.53E-007 

5.94E-008 

1.15E-008 

4.86E-008 

1.98E-008 

1.45E-008 

6.12E-003 

6.12E-003 

6.12E-003 

6.12E-003 

6.12E-003 

6e12E-003 

4.00E-009 

3.63E-010 

7.05E-011 

2.97E-010 

1.21E-010 

8.90E-011 

1.00E-003 

1.40E-004 

5.10E-005 

4.00E-004 

1.00E-003 

2,00E-002 

4.00E-006 

2.59E-006 

1.38E-006 

7.43E-007 

1.21E-007 

4.45E-009 

Total  8.84E-006 
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Table  7-12 

Inhalation  Risk  Calculations  -  6-year-old  children 
Including  Chemicals  Not  Detected  in  the  Stack 
Residential  Receptors 


Carcinogenic  Risk  - 

Inhalation 

Chemical 

Carcinogens 

Chemical 

Concentration 

mg/m3 

lifetime 
Inhalation 
Intake  Factor 
ni5/kg/day 

Daily  Intake 
mg/kg/day 

Carcinogenic 

Potency 

Factor 

(mg/kg/day)- 1 

Carcinogenic 
.  Risk 

Arsenic 

1.82E-008 

1.67E-002 

3.04E-0lb 

5.00E+001 

1.52E-008 

Cadmium 

1.98E-008 

1.67E-002 

S.SdEfOlO 

6.10E+000 

2,01E-009 

Chromium  VI 

1.80E-009 

1.67E-002 

3.01E-011 

4.10E+001 

1.23E-009 

NxCDF 

1.32E-012 

1.67E-002 

2.20E-bl4 

1.56E+004 

3.45E-010 

PeCDF 

2.06E-013 

1.67E-002 

3.44E-G15' 

7.80E+004 

2.68E-010 

Dioxin 

2.90E-014 

1.67E-002 

4.84E-016 

1.56E+005 

7.56E-011 

TeCDF 

1.34E-013 

1.67E-002 

2.24E-015 

1.56E+004 

3.49E-011 

KxCDD 

9.90E-014 

1.67E-002 

1.65E-015 

1.56E+004 

2.58E-011 

Aldrin 

7.67E-011 

1.67E-002 

1.28E-012 

1.70E+001 

2.18E-011 

Dieldrin 

6.63E-011 

1.67E-002 

1.11E-012 

1 .60E+001 

1.77E-011 

Methylene  Chloride 

6.18E-008 

1.67E-602 

1.03E-009 

1.40E-002 

1.44E-011 

Carbon  tetrachloride 

6.41E-009 

1 .67E-002 

/  1.07E-010 

1.30E-001 

1.39E-011 

PeCDD 

7.00E-014 

1.67E-b02 

’  1.17E-015 

7.80E+003 

9,12E-012 

Chloroform 

1.82E-009 

1.67E-002 

3.04E-011 

,  X8.10E-002  - 

2.46E-012 

/'  ■ 

'X,  Total 

1.93E-008 

Hazard  Index  -  Inhalation  - 

'%  \  jf  /■'  " " 

\  \ 

Subchronic  (8  Hour) 

\  \ 

\ 

% 

i  Dai ly 

Acceptable  Intake 

/  Chemical 

Inhalation 

Subchronic 

Chemical 

Concent  rat  ion 

Intake  Factor 

Daily  Intake 

Exposure 

Hazard 

(Non- Carcinogens) 

^  mg/m3 

mS/kg/day 

mg/kg/day  / 

mg/kg/day 

Index 

Copper  ... 

6.08E-006 

/  7.81e401 

4.75E-006 

1.00E-002 

4.75E-004 

Barium  / 

5.53E-007 

7.81E-601 

4.32E-D07 

1.40E-003 

3.08E-004 

Mercury  (inorganic)  /  / 

1.07E-007 

7.81E-001 

8.38E^008 

5.10E-004 

1.64E-004 

Antimony  <  S 

4.52E>007 

7.81E-001 

3.53E-007 

4.00E-003 

8.83E-005 

Cadnium  X, 

1.84E-007 

7.81E-001 

1,44E-007 

1. DOE -002 

1.44E-005 

Nickel  ' 

1.356-007 

%,  /'  / 

.7.81E-001 

1.06E-007 

2.00E-002 

5.29E-006 

Total 

1.06E-003 

Hazard  Index  -  Inhalation  - 

Chronic 

lifetime 

Acceptable  Intake 

Chemical 

Inhalation 

Chronic 

Chemical 

Concentration 

Intake  Factor 

Daily  Intake 

Exposure 

Hazard 

(Non- Carcinogens) 

mg/m3 

mS/kg/day 

mg/kg/day 

mg/kg/day 

Index 

Copper 

6.53E-007 

1.67E-002 

1.09E-008 

1.00E-003 

1.09E-005 

Barium 

5.94E-008 

1.67E-002 

9.91E-010 

1.40E-004 

7.08E-006 

Mercury  (inorganic) 

1.15E-008 

1.67E-002 

1.92E-010 

5.10E-005 

3.77E-006 

Antimony 

4.86E-008 

1.67E-002 

8.11E-010 

4.00E-004 

2.03E-006 

Cadmi urn 

1.98E-008 

1.67E-002 

3.30E-010 

l.OOE-003 

3.30E-007 

Nickel 

1.45E-008 

1.67E-002 

2.43E-010 

2.00E-002 

1.21E-008 

Total 


2.41E-005 
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Table  7-13 

Oral  Risk  Calculations  -  Soil 
Including  Chemicals  Not  Detected  In  the  Stack 
Nearest  Residential  Receptors 


Chemical 

Carcinogens 

Chemical 
Concentration 
in  Soil 
mg/kg 

Lifetime  Oral 
Intake  Factor 
kg/kg/day 

Daily  Intake 
mg/kg/day 

Carcinogenic 

Potency 

Factor 

(rog/kg/day)-1 

Carcinogenic 

Risk 

Cadnfum 

1.88E-003 

5.09E-007 

9.55i-0f0 

6.10E+000 

5.82E-009 

Chromium  VI 

1.71E-004 

5.09E-007 

8.7bE-bll 

4.10E+001 

3.57E-009 

Arsenic 

1.72E-003 

5.09E-007 

8.78E-010 

1.75E+000 

1.54E-009 

HxCDF 

1.26E-007 

5.09E-007 

/8.4bE-0U 

1.56E+004 

9.97E-010 

PeCOF 

1.95E-008 

5.09E-007 

/  Jl.OOE-014 

7.80E+004 

7.74E-010 

Dioxin 

2.73E-009 

5.09E-007 

1.39E-015 

1.56E+005 

2.17E-010 

TeCDF 

1.27E-008 

5.09E-007 

6.00E-015 

1.56E+004 

1.01E-010 

HxCDD 

9.43E-009 

5.09E-007 

5.00E-015 

1.56E+004 

7.49E-011 

Aldrin 

7.28E-006 

5.09E-007  / 

3.70E-012 

1.71E+001 

6.33E-011 

Dieldrin 

6.28E-006 

5.09E-007 

3.20E-012 

1.60E+001 

5.12E-011 

PeCDb 

6.60E-009 

5.09E-007 

>  3.00E-015 

7.80E+003 

2.62E-011 

Total"'  1.32E-008 


Hazard  Index  -  Subchronic  - 
Oral  (Maximum  Exposure  -Child) 


Chemical 

(Non- Card nogens) 

Chemical 
Concentration 
ib  Soil 
mg/kg 

Subchronic 
t,  Oral 
\  Intake  Factor 

1  kg/kg/day 

\ 

Daily  Intake  ' 
mg/kg/day 

t "Acceptable  Intake 
Subchronic 
Exposure 
)  mg/kg/day 

Hazard 

Index 

Copper 

6.19E-002 

6.10E-006 

.  3,78E-007  ) 

3.70E-002 

1.02E-005 

Antimony 

4.61E-003 

6.10E-006 

2.81E-008 

4.00E-003 

7.02E-006 

Mercury  (inorganic) 

1.09E-b03 

6.10E^006 

6.66E-009 

2.00E-003 

3.33E-006 

Cadmium 

-  1.88E-003 

6.10E-006 

1.14E-008 

1.00E-002 

1.14E-006 

Nickel 

1.38E-003 

6J0E-006 

8.41E-009 

2.00E-002 

4.21E-007 

Barium 

5.63E-003 

6.10E-006 

"  3.43E-008 

5.10E-001 

6.73E-008 

H.. 

Total 

2a22E-005 

Hazard  Index  -  Oral  -  Chronic 


Chemical 

( Non- Care i nogens ) 

Chemical 
Concentration 
in  Soil 
mg/kg 

Lifetime  Oral 
Intake  Factor 
kg/kg/day 

Daily  Intake 
ng/kg/day 

Acceptable  Intake 
Chronic 
Exposure 
ng/kg/day 

Hazard 

Index 

Antimony 

4.61E-003 

5.09E-007 

2.34E-009 

4.00E-004 

5e86E-006 

Cadmium 

1.88E-003 

5.09E-007 

9.55E-010 

1.00E-003 

9.55E-007 

Copper 

6.19E-002 

5.09E-007 

3.15E-008 

3.70E-002 

8.52E-007 

Mercury  (inorganic) 

1.09E-003 

5.09E-007 

5.56E-010 

2.00E-003 

2.78E-007 

Barium 

5.63E-003 

5.09E-007 

2.86E-009 

5.10E-002 

5.62E-008 

Nickel 

1.38E-003 

5.09E-007 

7.02E-010 

2.00E-002 

3.51E-008 

Total  8.04E-006 
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Table  7-14 

Oral  Risk  Calculations  -  Vegetables 
Including  Chemicals  Not  Detected  in  the  Stack 
Nearest  Residential  Receptors 


Carcinogenic  Risk  - 

Oral 

Chemical 

Carcinogens 

Chemical 
Concentration 
in  Vegetables 
mg/kg 

Lifetime  Oral 
Intake  Factor 
kg/kg/day 

Dally  Intake 
ing/kg/ctay 

Carcinogenic 

Potency 

Factor 

(mg/kg/day) -1 

Carcinogenic 

Risk 

Cadnium 

Chromiim  VI 

Arsenic 

HxCDF 

PeCDF 

Dioxin 

TeCDF 

KxCDD 

Aldrin 

Dieldrin 

PeCDD 


1.51E-004 

1.38E-005 

1.39E-004 

1.01E-008 

1.57E-009 

2.21E-010 

1.03E-009 

7.61E-010 

5.87E-007 

5.07E-007 

5,33E-010 


1.27E- 
1.27E- 
1.27E- 
1.27E- 
1.27E- 
1.27E- 
1.27E* 
1.27E- 
1.27E- 
1.27E 
1 .27E- 


006 

006 

006 

006 

006 

006 

006 

006 

006 

006 

006 


1.92E-010 

1,7$E?t)11 

1.77E-010 

1.30E-014 

E.00E-bl5 

2-81E-016 

1.00E-015 

1.00E-015 

7.46E-013 

6.44E-013 

1.00E-015 


6.10E4>000 
4.10E+001 
1.75E+000 
1.56E+004 
7.80E+004 
1 .S6E+005 
1.56E+004 
1.56E+004 
1.71E+001 
1.60E+001 
7.80E+003 


Chemical 

(Non-Carcinogens) 


Chemical 
Concentration 
in  Vegetables 
mg/kg 


\  ' 


Lifetime  Oral 
Intake  Factor 
kg/kg/day 


Daily  Intake 
j^/kg/day 


Total 

./  ./ 

/  / 


Accept abl4  Intake 
Chronic 
Exposure 
mg/kg/day 


Antimony 

Cadinium 

Copper 

Mercury  (inorganic) 

Bariun 

Nickel 


3.72E-004 
1 .51E-004 
5.00i"003 
8.81E-005 
4.$4E-004 
i:ill-004 


1.27E-006 

1.27E-006 

1.27E-006 

1.27E-006 

1.27E-006 

1.27E-006 


4.72E-010 

1,92E-010 

6.34E-009 

1.12E-010 

5.77E-010 

1.41E-010 


4.00E-004 

1.00E-003 

3.70E-002 

2.00E-003 

5.10E-002 

2.00E-002 


f 


1.17E-009 

7.18E-010 

3.09E-010 

2.01E-010 

1.56E-010 

4.37E-011 

2.04E-011 

1.51E-011 

1.28E-011 

1.03E-011 

5.28E-012 


2.66E-009 


Hazard 

Index 


1.18E-006 

1.92E-007 

1.71E-007 

5.59E-008 

1.13E-008 

7.06E-009 


Total 


1.62E-006 
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Table  7-15 

Oral  Risk  Calculations  -  Vegetables 
Maximum  Exposure 

Including  Chemicals  Mot  Detected  in  the  Stack 
Nearest  Residential  Receptors 


Carcinogenic  Risk  - 

Oral 

Chemical 

Carcinogens 

Chemical 
Concentration 
in  Vegetables 
mg/kg 

Lifetime  Oral 
Intake  Factor 
kg/kg/day 

Daily  Intake 
mg/kg/day 

Carcinogenic 

Potency 

Factor 

(mg/kg/day) -1 

Carcinogenic 

Risk 

Cadmium 

Chromium  VI 

Arsenic 

HxCDF 

PeCDF 

Dioxin 

TeCDF 

HxCDD 

Aldrin 

Dieldrin 

PeCDD 

1.51E-004 

1.38E-005 

1.39E-004 

1.01E-008 

1.57E-009 

2.21E-010 

1.03E-009 

7.61E-010 

5.87E-007 

5.07E-007 

5.33E-010 

7.65E-006 

7.65E-006 

7.65E-006 

7.65E-006 

7.65E-006 

7.65E-006 

7.65E-006 

7.65E-006 

7.65E-006 

7.65E-006 

7.65E-006 

1.16E-009 
1.05E-bl0 
1ib6E-009 
i7.7bE-0l4 
<  i::20E-ou 
i.69E-015 
8.00E-015 
6.00E-015 
4.49E-012 
.  3.88E-012 

>  4.00E-015 

6.10E+000 

4.10E+001 

1.75E+000 

1.56E+004 

7.80E+004 

1.56E+005 

1.56E+004 

1.56E+004 

1.71E+001 

1.60E+001 

7.80E+003 

7.07E-009 

4.33E-009 

1.86E-009 

1.21E-009 

9.38E-010 

2.63E-010 

1.23E-010 

9.08E-011 

7.68E-011 

6.21E-011 

3.18E-011 

'1 

' . 

s  Total 

1.60E-008 

Hazard  Index  -  Oral 

-  Chronic 

J'  ■■  • 

%  \ 

/'  \  g,.. 

Chemical 

(Non-Carcinogens) 

Chemical 
Concentration 
in  Vegetables 
mg/kg 

Lifetime  Oral 
\  Intake  Factor 
kg/kg/day 

\  \ 

% 

Daily  Intake  S 
mg/kg/day 

Acceptable  Intake 
/  Chronic 
/  Exposure 
mg/kg/day 

Hazard 

Index 

Antimony 
Cadmi urn 
Copper 

Mercury  (inorganic) 

Bariim 

Nickel 


3.72E-004  ^ 

7.65E-006 

2.84E-509  ^ 

4.00E-004 

7.11E-006 

1.51E-004 

7.65E-006" 

1.16E-009 

1.00E-003 

1.16E-006 

5.00E-003 

7.65E-006 

3.82E-008 

3.70E-002 

1.03E-006 

8.81E-005 

7.65E-006 

6.74E-010 

2.00E-003 

3.37E-007 

4.54E-004 

7.65E-006 

3a47E-009 

5.10E-002 

6.81E-008 

1.11E-004 

7.65E-006 

,  8.511-blO 

2.00E-002 

4.25E-008 

1  ^ 

/■  /' 
if  /■ 

Total 

9.75E-006 
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Table  7-16 

Inhalation  Risk  Calculations  -  Adults 
Including  Chemicals  Not  Detected  in  the  Stack 
Irondale  Receptors 


Carcinogenic  Risk  -  Inhalation 


Chemical 

Carcinogens 


Arsenic 

Cadnium 

Chromium  VI 

NxCDF 

PeCDF 

Dioxin 

TeCOF 

HxCDD 

Aldrin 

Dieldrin 

Methylene  Chloride 
Carbon  tetrachloride 
PeCDD 

Chloroform 


Chemical 

Concentration 

mg/m3 


3.50E-009 

3.81E-009 

3.47E-010 

2.55E-013 

4.00E-014 

6.00E-015 

2.60E-014 

1.90E-014 

1.48E-011 

1.27E-011 

1.19E-008 

1.23E-009 

1.30E-014 

3.51E-010 


Lifetime 
Inhalation 
Intake  Factor 
in3/kg/day 


6.12E-003 

6.12E-003 

6.12E-003 

6.12E-003 

6.12E-003 

6.12E-003 

6.12E-003 

6.12E-003 

6.12E-003 

6.12E-0b3 

6.12E-003 

6.12E-003 

6.12E-003 

6.12E-003 


ally  Intake 
Mg/kg/day 

Carcinogenic 

Potency 

Factor 

(mg/kg/day)- 1 

Carcinogenic 

Risk 

2.14E-011 

5.00E+001 

1.07E-009 

2.35E-^D11 

6.10E+000 

1.42E-010 

2.12E-012 

4.10E+001 

8.70E-011 

1.56E-015 

1.56E+004 

2.43E-011 

2.45E-016 

7.80E+004 

1.91E-011 

3.67E-017  . 

1.56E+005 

5.73E-012 

1.59E-016 

1.56E+004 

2.48E-012 

1.16E-016 

1.56E+004 

1.81E-012 

9.10E-014 

1.70E+001 

1.54E-012 

7.80E-014 

1.60E+001 

1.25E-012 

7.28E-011 

1.40E-002 

1,02E-012 

7.55E-012 

1.30E-001 

9.81E-013 

7.96E-017 

'  7.80E+003  / 

>  6.21E-013 

2.15E-012 

8.10E-002 

1.74E-013 

,/ 

Total 

1.36E-009 

Hazard  Index  -  Inhalation  - 
Subchronic  (8  Hour) 


Chemical 

(Non- Carcinogens) 


/  Chemical 
Concentration^ 
fng/fii3 


Daily 
Inhalation 
Intake  Factor 
m3/kg/day 


Dai  ly  Intake 
mg/kg/day 


Acceptable  Intake 
Subchronic 
Exposure 
mg/kg/day 


Hazard 

Index 


Copper 

Barium 

Mercury  (inorganic) 

Antimony 

Cadmium 

Nickel 


4,36E-006 
3.96E-007 
7.69E-008 
3.24EI007 
1 J2E-007 
9.70E-008 


2.86E-D01 

2.86E-001 

2.86E-001 

2*86E-001 

2.86E-001 

2.86E-001 


1.25E-006 

1.13E?b07 

2.20E-008 

9.27E-008 

3.78E-008 

2.78E-008 


1.00E-002 

1.40E-003 

5.10E-004 

4.00E-003 

1.00E-002 

2.00E-002 


1.25E-004 

8.09E-005 

4.31E-005 

2.32E-005 

3.78E-006 

1.39E-006 


Hazard  Index 
Chronic 


Inhalation  - 


2.77E-004 


Chemical 

(Non- Carcinogens) 


Copper 

Barium 

Mercury  (inorganic) 

Antimony 

Cackniun 

Nickel 


Chemical 

Concentration 

rng/mS 

Lifetime 
Inhalation 
Intake  Factor 
mS/kg/day 

Daily  Intake 
Mg/kg/day 

Acceptable  Intake 
Chronic 
Exposure 
mg/kg/day 

Hazard 

Index 

1.26E-007 

6.12E-003 

7.69E-010 

1.00E-003 

7.69E-007 

1.14E-008 

6.12E-003 

6.99E-011 

1.40E-004 

4.99E-007 

2.22E-009 

6.12E-003 

1.36E-011 

5.10E-005 

2.66E-007 

9.35E-009 

6.12E-003 

5.72E-011 

4.00E-004 

1.43E-007 

3.81E-009 

6.12E-003 

2.33E-011 

1.00E-003 

2.33E-008 

2.88E^009 

6.12E-003 

1.76E-011 

2.00E-002 

8.81E-010 

Total  1.70E-006 
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Table  7-17 

Inhalation  Risk  Calculations  -  6-year-old  children 
Including  Chemicals  Not  Detected  in  the  Stack 
Irondale  Receptors 


Carcinogenic  Risk  -  Inhalation 


Chemical 

Carcinogens 

Chemical 

Concentration 

mg/mS 

Lifetime 
Inhalation 
Intake  Factor 
R^/kg/day 

Daily  Intake 
ng/kg/day 

Carcinogenic 

Potency 

Factor 

(mg/kg/day)-1 

Carcinogenic 

Risk 

Arsenic 

3.50E-009 

1.67E-002 

5.85E-bl1 

5.00E+001 

2.92E-009 

Cadmiun 

3.81E-009 

1.67E-002 

6.36E-011 

6.10E^OOO 

3.88E-010 

Chromiun  VI 

3.47E-010 

1.67E-002 

5.79E-012 

4.10E+001 

2.37E-010 

HxCDF 

2.55E-013 

1.67E-002 

4.26E-015 

1 ,568+004 

6.64E-011 

PeCDF 

4.00E-014 

1.67E-002 

6.68E-G16 

7.80E+004 

5.21E-011 

Dioxin 

6.00E-015 

1.67E-002 

1.00E-016 

1.56E+005 

1.56E-011 

TeCDF 

2.60E-014 

1.67E-002 

4.34E-016 

1.56E+004 

6.77E-012 

HxCDD 

1.90E-014 

1.67E-002 

3.17E-016 

1 .56E+004 

4.95E-012 

Aldrin 

1.48E-011 

1.67E-002 

2.47E-013 

1.70E+001 

4.20E-012 

Dieldrin 

1.27E-011 

1.67E-002 

2.13E-013 

1.60E+001 

3.41E-012 

Hethylene  Chloride 

1.19E-008 

1.67E-002 

1.99E-010 

1.40E-002 

2.78E-012 

Carbon  tetrachloride 

1.23E-009 

1.67E-002 

2.06E-011 

1.30E-001 

2.68E-012 

PeCDD 

1.30E-014 

1.67E-002 

2.17E-016 

7.80E+003 

1.69E-012 

Chloroform 

3.51E-010 

1.67E-002 

5.86E-012 

8.10E-002 

4.74E-013 

/ 

X,--' 

Total 

3.71E-009 

Hazard  Index  -  Inhalation 
Subchronic  (8  Hour) 


Chemical 

(Non- Carcinogens) 

Chemical 

Concentration 

ir^/m3 

Daily 
Inhalation 
Intake  Factor 
niS/kg/day 

Daily  Intake 
mg/kg/day 

Acceptable  Intake 
\  Subchronic 
Exposure 
mg/kg/day 

Hazard 

Index 

Copper 

4.36E-006 

7.81E-b0l 

3.408-006 

1.008-002 

3.40E-004 

Barium 

3.96E-007 

7.818-001 

3.098-007 

1.408-003 

2.21E-004 

Mercury  (inorganic) 

7.691-008 

74818-001 

6.008-008 

5.108-004 

1.18E-004 

Antimony  c  * 

3.^E^007 

.t.818-001 

2.538-007 

4.008-003 

6.33E-005 

Cadnium 

1.32E-007 

7.818-001 

1.038-007 

1.008-002 

1.03E-005 

Nickel 

^  ^  9.70E-008 

7.818-001 

7.588-008 

2.008-002 

3.79E-006 

Total 

7.578-004 

Hazard  Index  *  Inhalation 
Chronic 


Chemical 

(Non- Carcinogens) 

Chemical 

Concentration 

mg/fiiS 

Lifetime 
inhalation 
Intake  Factor 
aiS/kg/day 

Dally  Intake 
ng/kg/day 

Acceptable  Intake 
Chronic 
Exposure 
mg/kg/day 

Hazard 

Index 

Copper 

1.268-007 

1.678-002 

2.108-009 

1.00E-003 

2.10E-006 

Barium 

1.148-008 

1.678-002 

1.918-010 

1.40E-004 

1.36E-006 

Mercury  (inorganic) 

2.228-009 

1.678-002 

3.708-011 

5.10E-005 

7.26E-007 

Antimony 

9.358-009 

1.678-002 

1.568-010 

4.00E-004 

3.90E-007 

Cadnitjn 

3.818-009 

1.678-002 

6.368-011 

1.00E-003 

6.36E*008 

Nickel 

2.888-009 

1.678-002 

4.818-011 

2.00E-002 

2.40E-009 

Total  4.64E-006 
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Table  7-18 

Oral  Risk  Calculations  -  Soil 
Including  Chemicals  Not  Detected  in  the  Stack 
Iroodale  Receptors 


Carcinogenic  Risk  -  Oral 


Chemical 

Carcinogens 

Chemical 
Concentration 
in  Soil 
mg/kg 

Lifetime  Oral 
Intake  Factor 
kg/kg/day 

Daily  Intake 
mg/kg/day 

Carcinogenic 

Potency 

Factor 

(mg/kg/day) -1 

Care i nogen i 
Risk 

Cacknium 

6.53E-004 

5.09E-007 

3.32E-d10 

6.10E+000 

2.03E-009 

Chromium  VI 

5.95E-005 

5-09E-007 

3.03E-011 

4.10E+001 

1,24E-009 

Arsenic 

6.01E-004 

5.09E-007 

3.06E-010 

1.75E+000 

5.35E-010 

HxCDF 

4.37E-008 

5.09E-007 

2.20E-014 

1.56E+004 

3.47E-010 

PeCDF 

6.79E-009 

5.09E-007 

/3.00E-015 

7.80E+004 

2.69E-010 

Dioxin 

9.52E-010 

5.09E-007 

4;85E-016 

1.56E+005 

7.56E-011 

TeCDF 

4.44E-009 

5.09E-007 

2.00E-015 

1.56E+004 

3.52E-011 

KxCDD 

3.28E-009 

5.09E-007 

2.00E-015 

1.56E+004 

2.61E-011 

Aldrin 

2.53E-006 

5.09E-007 

1.29E-012 

1.71E+001 

2.21E-011 

Dieldrin 

2.19E-006 

5.09E-007 

1.11E-012 

1.60E+001 

1.78E-011 

PeCDD 

2.30E-009 

5.09E-067 

1.00E-015 

7.80E+003 

9.12E-012 

4' 

Total 

>  4.61E-009 

1 

Hazard  Index  -  Subchronic  - 

Oral  (Maximun  Exposure 

1  -Child) 

W  '/  i.. 

/  \ 

Chemical 

Subchronic 

\  \ 

Acceptabli  Intake 

Concentration 

Oral 

\ 

^  .  Siixhronic 

Chemical 

in  Soil 

\  Intake  Factor 

Daily  Intake  % 

Exposure 

Hazard 

(Non- Carcinogens) 

mg/kg  ' 

kg/kg/day 

mg/kg/day 

mg/kg/day 

Index 

Copper 

2.168-002 

6.i0E-006 

T.32E-607 

3.70E-002 

3.55E-006 

Antimony 

1.6OE 

-003 

6.10E-006" 

c  9.78E-009 

4.00E-003 

2.45E-006 

Mercury  (inorganic) 

3.80E-004 

6.10E-006 

2.32E-009 

2.00E-003 

1.16E-006 

Cadmi  urn  ' 

^  6.53E-004 

6.IOE-6O6 

3.98E-009 

1.00E-002 

3.98E-007 

Nickel 

4.80E 

-004 

6.10E-006 

2.93E-009 

2.00E-002 

1.46E-007 

Barium  /  / 

/ 

1.961 

-003 

6.10E-006 

1.20E-d08 

5.10E-001 

2.34E-008 

S:, 

• 

/■  .f  /' 

Total 

7.73E-006 

Hazard  Index  -  Oral  - 

Chronic 

f  \  / 

Chemical 

Acceptable  Intake 

Concentration 

Lifetime  Oral 

Chronic 

Chemical 

in  Soil 

Intake  Factor 

Daily  Intake 

Exposure 

Hazard 

(Non- Carcinogens) 

mg/kg 

kg/kg/day 

mg/kg/day 

mg/kg/day 

Index 

Antimony 

1.60E-003 

5.09E-007 

8.16E-010 

4.00E-004 

2.04E-006 

Cadmi  ixn 

6.53E-004 

5.09E-007 

3.32E-010 

1.00E-003 

3.32E-007 

Copper 

Mercury  (inorganic) 

2.16E-002 

5.09E-007 

1.10E-008 

3.70E-002 

2.97E-007 

3.80E-004 

5.09E-007 

1.94E-010 

2.00E-003 

9.68E-008 

Barium 

1.96E-003 

5.09E-007 

9.98E-010 

5.10E-002 

1.96E-008 

Nickel 

4.80E-004 

5.09E-007 

2.44E-010 

2.00E-002 

1.22E-008 

Total 

2.80E-006 
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Table  7-19 

Oral  Risk  Calculations  -  Vegetables 
Including  Chemicals  Not  Detected  in  the  Stack 
Irondale  Receptors 


Carcinogenic  Risk  -  Oral 


Chemical 

Concentration 

Lifetime  Oral 

Chemical 

in  Vegetables 

Intake  Factor 

Carcinogens 

ng/kg 

kg/kg/day 

Cadmi  urn 

5.27E-005 

1.27E-006 

Chromium  VI 

4.80E-006 

1.27E-006 

Arsenic 

4.85E-005 

1.27E-006 

HxCDF 

3.53E-009 

1.27E-006 

PeCDF 

5.47E-010 

1.27E-006 

Dioxin 

7.68E-011 

1.27E-006 

TeCDF 

3.58E-010 

1.27E-006 

HxCDD 

2.65E-010 

1.27E-006 

Aldrin 

2.04E-007 

1.27E-006 

Dieldrin 

1.77E-007 

1.27E-006 

PeCDD 

1.85E-010 

1.27E-006 

Chemical 

Concentration  ^  Lifetime  Oral 
Chemical  in  Vegetables  %  Intake  Factor 

(Non-Carcinogens)  mg/kg  J  kg/kg/day 

Ant i mony  1 . 29E - 004  1 . 27E - 006 

Cadmium  5.27E-005  1.27E-006 

Copper  _  1.74i-003  1.27E-006 

Mercury  (inorganic)  '  3.07E-005  ?  1.27E-b06 

BariuTJ  /  1.27E-006 

Nickel  ’  /  3.87E-005  1.27E«066 


Carcinogenic 

Potency 


Daily  Intake 
mg/kg/day 

Factor 

<mg/kg/day)-1 

Carcinogenic 

Risk 

6.69l-{Sl1 

6.10E+000 

4.08E-010 

6.10E-012 

4.10E-('001 

2.50E-010 

6.15E-011 

1.75E+000 

1.08E-010 

.  4.00E-015 

1.56E+004 

6.99E-011 

<  6.95E-016  ^ 

7.80E+004 

5.42E-011 

9.75E-017 

1.56E+005 

1.52E-011 

4.55E-016 

1.56E+004 

7.09E-012 

3.36E-016 

1.56E+004 

5.25E-012 

2.60E-013 

1.71E+001 

4.44E-012 

2.24E-013 

1.60E+001 

3.59E-012 

:  2.35E-016 

7.80E+003 

1.84E-012 

"X  Total' 

9.28E-010 

\  \ 

Daily  Intake  \ 
mg/kg/day  \ 

Acceptable  Intake 
Chronic 
Exposure 
mg/kg/day 

Hazard 

Index 

1.64E-010 

4.0DE-004 

4.11E-007 

6.69E-011  ' 

1.00E-003 

6.69E-008 

2.21E-009 

3.70E-002 

5.97E-008 

V  3;90E-011 

2.00E-003 

1.95E-008 

2.01E-010 

5.10E-002 

3.94E-009 

4.92E>011 

‘X 

2.00E-002 

2.46E-009 

Total 

5.63E-007 

Woodwaixl-Clyde  Consuttants 


Table  7-20 

Oral  Risk  Calculations  -  Vegetables 
Naximun  Exposure 

Including  Chemicals  Not  Detected  in  the  Stack 
Irondale  Receptors 


Carcinogenic  Risk  -  Oral 


Chemical  Carcinogenic 

Concentration  Lifetime  Oral  Potency 

Chemical  in  Vegetables  Intake  Factor  Daily  Intake  Factor  Carcinogenic 

Carcinogens  mg/kg  kg/kg/day  mg/kg/day  (ing/kg/day)-1  Risk 


Cadmium 

5.27E-005 

7.65E-006 

4.03E-010 

6.10E+000 

2.46E-009 

Chromium  VI 

4.S0E-006 

7.65E-006 

3.67E-bl1 

4.10E+001 

1.51E-009 

Arsenic 

4.85E-005 

7.65E-006 

3. 71 E- 010 

1.75E+000 

6.49E-010 

HxCDF 

3.53E-009 

7.65E-006 

2.70E-014 

1.56E+004 

4.21E-010 

PeCDF 

5.47E-010 

7.65E-006 

4.00E-015 

7.80E+004 

3.27E-010 

Dioxin 

7.68E-011 

7.65E-006 

5.88E-016 

1.56E+005 

9.17E-011 

TeCDF 

3.58E-010 

7.65E-006 

3.00E-015 

1.56E+004 

4.27E-011 

NxCDD 

2.65E-010 

7.65E-006 

2.00E-015 

1.56E+004 

3.16E-011 

Aldrin 

2.04E-007 

7.65E-006 

1,56E-012 

1.71E+001 

2.68E-011 

Dieldrin 

1.77E-007 

7.65E-006 

1.35E-012 

1.60E+001 

2.16E-011 

PeCDD 

1.85E-010 

7.65E-006  . 

/  /  1.00E-015 

j’' 

7.80E+003 

1.11E-011 

/ 

X  Total- 

5.59E-009 

Hazard  Index  -  Oral 

-  Chronic 

/ 

■%  /■ 

......  ^ 

Chemical 

Acceptabli  Intake 

Concentration 

Lifetime  Oral 

/  Chronic 

Chemi ca 1 

in  Vegetables 

\ Intake  Factor 

Daily  Intake 

Exposure 

Hazard 

(Non- Carcinogens) 

mg/kg 

^  kg/kg/day 

mg/kg/day 

mg/kg/day 

Index 

Antimony 

1,29E-004 

7.i5E-006 

9.90E-010 

4.00E-004 

2.47E-006 

Cadmium 

5.27E-005 

7.65E-006 

4.03E-010 

/  1.00E-003 

4.03E-007 

Copper 

1.74E-003 

7.65E-006 

1.33E-008 

3.70E-002 

3.60E-007 

Mercury  (inorganic) 

3.07E-005 

7.65E-dd6 

2.35E-010 

2.00E-003 

1.17E-007 

Barium 

^  T.58E-004 

7.65E-006 

1.2TE-009 

5.10E-002 

2.37E-008 

Nickel  /  / 

/ 

3.87E-005 

7.65E-006 

-  2.96E^(510 

2.00E-002 

1.48E-008 

/ 

Total 

3.39E-006 

/ 
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Table  7-21 

Inhalation  Risk  Calculations  *  Adults 
Including  Chemicals  Not  Detected  in  the  Stack 
Hanson  School 


Carcinogenic  Risk  -  Inhalation 


Chemical 

Carcinogens 

Chemical 

Concentration 

mg/m3 

Lifetime 
Inhalation 
Intake  Factor 
m3/kg/day 

Daily  Intake 
Big/kg/day 

Carcinogenic 
Potency 
Factor  " 
(mg/kg/day)-1 

Carcinogenic 

Risk 

Arsenic 

2.70E-009 

6.12E-003 

1.65E-011 

5.00E+001 

8.26E-010 

Cacfcnitin 

2.94E-009 

6.12E-003 

1.80E-011 

6.10E+000 

1.10E-010 

Chromium  VI 

2.67E-010 

6.12E-003 

1.64E-012 

4.10E+001 

6.71E-011 

HxCDF 

1.96E-013 

6.12E-003 

1.00E-015 

1.56E+004 

1.87E-011 

PeCDF 

3.00E-014 

6.12E-003 

1.84E-016 

7.80E+004 

1.43E-011 

Carbon  tetrachloride 

9.51E-009 

6.12E-003 

"  5e82E-6ri 

1.30E-001 

7.56E-012 

Dioxin 

4.00E-015 

6e12E-003 

2.45E-017 

>  1.56E+005 

3.82E-012 

TeCDF 

2.00E-014 

6.12E-003 

1.22E-016 

1.56E+004 

1.91E-012 

HxCDD 

1.50E-014 

6.12E-003 

9.18E-017 

1.56E+004 

1,43E-012 

Aldrin 

1.14E-011 

6.12E-0d3 

7.00E-014 

1.70E+001 

1.19E-012 

Dieldrin 

9.83E-012 

6.12E-603 

6.00E-014 

1.60E+001 

9.63E-013 

Hethylene  Chloride 

9.17E-009 

6.12E-0b3 

5.61E-011 

1.40E-002 

7.86E-013 

PeCDD 

1.00E-014 

6.12E-003 

6.12E-017 

/.  7.80E+003 

4.77E-013 

Chloroform 

2.70E-010 

6.12E-003 

1.66E-012 

V  8.10E-002 

1.34E-013 

Total  1.05E-009 


Hazard  Index  -  Inhalation  - 
Subchronic  <8  Hour) 


Chemical 

(Non- Carcinogens) 

Chemical' 

Concentration 

Rig/m3 

Daily 
Inhalation 
Intake  Factor 
m3/kg/day 

Daily  Intake 
ing/kg/day 

. . . . . . 

\  Acceptable  Intake 
Subchronic 
Exposure 
mg/kg/day 

Hazard 

Index 

Copper 

3.13E-006  : 

>  2.86E-001 

.8.95E-007 

1.00E-002 

8.95E-005 

Barium 

2,84E-007  " 

2.86E-001 

8.13E-008 

1.40E-003 

5.81E-005 

Mercury  ( i nor gan i c )  / 

532E-008 

2.86E-001 

1.S8E-008 

5.10E-004 

3.09E-005 

Antimony  if  < 

2.33i-007 

,2.86E-001 

^6.66E-008 

4.00E-003 

1.66E-005 

Cadmium 

9i8E-008 

/  2;86E-001 

S  2571E-008 

1.00E-002 

2.71E-006 

Nickel 

6.96E-008 

/2.86E-001 

1.99E-008 

2.00E-002 

9.96E-007 

"  ... 

Total 

1.99E-004 

Hazard  Index  -  Inhalation 
Chronic 


Chemical 

(Non- Carcinogens) 

Chemical 

Concentration 

mg/niS 

Lifetime 
Inhalation 
Intake  Factor 
mS/kg/day 

Dally  Intake 
aig/kg/day 

Acceptable  Intake 
Chronic 
Exposure 
mg/kg/day 

Hazard 

Index 

Copper 

9.69E-008 

6.12E-003 

5.93E-010 

l.OOE-003 

5.93E-007 

Barium 

8.81E-009 

6,12E-003 

5.39E-011 

1.40E-004 

3.85E-007 

Mercury  (inorganic) 

1.71E-009 

6.12E-003 

1.05E-011 

5.10E-005 

2.05E-007 

Antimony 

7.21E-009 

6.12E-003 

4.41E-011 

4.00E-004 

1.10E-007 

Cadmium 

2.94E-009 

6.12E-003 

1.80E-011 

1.00E-003 

1.80E-008 

Nickel 

2.16E-009 

6.12E-003 

1.32E-011 

2.00E-002 

6.60E'010 

Total  1.31E-006 
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Table  7-22 

Irthalation  Risk  Calculations  -  6-year-old  children 
Including  Chemicals  Not  Detected  in  the  Stack 
Hanson  School 


Carcinogenic  Risk  -  Inhalation 


Chemical 

Carcinogens 


Arsenic 
Cadmium 
Chromium  VI 
HxCDF 
PeCDF 

Carbon  tetrachloride 

Dioxin 

TeCDF 

HxCDD 

Aldrin 

Dieldrin 

Methylene  Chloride 
PeCDD 

Chloroform 


Chemical 

Concentration 

mg/n3 

Lifetime 
Inhalation 
Intake  Factor 
m3/kg/day 

Daily  Intake 
ms/kg/day 

Carcinogenic 

Potency 

Factor 

(mg/kg/day)-! 

2.70E-009 

2.94E-009 

2.67E-010 

1.67E-002 

1.67E-002 

1.67E-002 

4.51E-011 

4.9dE-6ll 

4.46E-012 

5.00E+001 

6.10E+000 

4.10E+001 

1.96E-013 

1.67E-002 

3.00E-015 

1 .56E+004 

3.00E-014 

1.67E-002 

5:01E-016 

7.80E+004 

9.51E-009 

1.67E-002 

1.59E-0ld 

1.30E-001 

4.00E-015 

1.67E-002 

6.68E-017  X 

1.56E+005 

2.00E-014 

1.67E-002 

3.34E-016 

1.56E+004 

1.50E-014 

1.67E-002 

2.51E-016 

1 .56E+004 

1.14E-011 

1.67E-0d2 

1.90E-013 

1.70E+001 

9.83E-012 

1  .mmi 

1.64E-013 

1.60E+001 

9.17E-009 

1 .67E-002  ^ 

/  1.53E-010 

1.40E-002 

1.00E-014 

1.67E-0d2 

1.67E-016 

/  7-80E+003 

2.70E-010 

1.67E-002 

4.52E-012 

8.10E-002 

Carcinogenic 

Risk 


2.25E-009 

2.99E-010 

1.83E-010 

5.11E-011 

3.91E-011 

2.06E-011 

1.04E-011 

5.21E-012 

3.91E-012 

3.23E-012 

2.63E-012 

2.14E-012 

1.30E-012 

3.66E-013 


Hazard  Index  -  Inhalation  - 
Subchronic  (8  Hour) 


2.88E-009 


Chemical 

(Non- Carcinogens) 


Copper 

Barium 

Mercury  (inorganic) 
Antimony  ^ 

Cadmium 
Nickel 


Chemical 

Concentration 

mg/RiS 


3:i3E-006 

^>84E-007 

5-52E-008 

2.33E-007 

9.48E-008 

6.96E-008 


Daily 
Inhalation 
Intake  Factor  > 
m3/kg/day 

Daily  Intake 
WQ/kg/day 

Acceptable  Intake 
/  Subchronic 
Exposure 
mg/kg/day 

Hazard 

Index 

^  7.81E-00i 

2.44E-006 

1.00E-002 

2.44E-004 

7.81E-0bl 

X  2.22E^007 

1.40E-003 

1.59E-004 

7.81E-001 

4.31E-008 

5.10E-004 

8.45E-005 

7.81E-001 

1.82E-007 

4.00E-003 

4.54E-005 

7.81E-t»01 

7.40E-008 

l.OOE-002 

7.40E-006 

/  7.81E-001 

5-44E-008 

2.00E-002 

2.72E-006 

'  f ' 

Total 

5.43E-004 

Hazard  Index  -  Inhalation  - 
Chronic 


Chemical 

(Non- Care i nogens ) 


Copper 

Barium 

Mercury  (inorganic) 

Antimony 

Cadmium 

Nickel 


Chemical 

Concentration 

fng/m3 

Lifetime 
Inhalation 
Intake  Factor 
mS/kg/day 

Daily  Intake 
ng/kg/day 

Acceptable  Intake 
Chronic 
Exposure 
mg/kg/day 

Hazard 

Index 

9.69E-008 

1.67E-002 

l,62E-009 

1.00E-003 

1.62E-006 

8.81E-009 

1.67E-002 

1.47E-010 

1.40E-004 

1.05E-006 

1.71E-009 

1.67E-002 

2.85E-011 

5.10E-005 

5.60E-007 

7.21E-009 

1.67E-002 

1.20E-010 

4.00E-004 

3.01E-007 

2.94E-009 

1.67E-002 

4.90E-011 

1.00E-003 

4.90E-008 

2.16E-009 

1.67E-002 

3.60E-011 

2.00E-002 

1.80E-009 

Total  3-58E-006 
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Table  7-23 

Oral  Risk  Calculations  -  Soil 
Including  Chemicals  Not  Detected  in  the  Stack 
Hanson  School 


Carcinogenic  Risk  -  Oral 


Chemical 

Carcinogens 

Chemical 
Concentration 
in  Soil 
mg/kg 

Lifetime  Oral 
Intake  Factor 
kg/kg/day 

Daily  Intake 
i*g/kg/day 

Carcinogenic 

Potency 

Factor 

(mg/kg/day)-1 

Carcinogeni 

Risk 

Cadmium 

3.98E-004 

5.09E-007 

2.02e4i0 

6.10E+000 

1.23E-009 

Chromiun  VI 

3.62E- 

005 

5.09E-007 

1.841-911 

4.10E+001 

7.56E-010 

Arsenic 

3.66E- 

004 

5.09E-007 

n86E^010 

1.75E+000 

3.26E-010 

HxCDF 

2.66E- 

008 

5.09E-007 

i;40E-014 

1 .56E+004 

2.11E-010 

PeCDF 

4.13E- 

009 

5.09E-007 

/  2.00E-015 

7.80E+004 

1.64E-010 

Dioxin 

5.80E- 

010 

5-09E-007 

<  2.95E-616 

1.56E+005 

4.60E-011 

TeCDF 

2.70E- 

009 

5.09E-007 

1.37E-015 

1.56E+004 

2.14E-011 

NxCDD 

2.00E- 

009 

5.09E-007 

1.00E-015 

1.56E+004 

1.59E-011 

Aldrin 

1.54E- 

006 

5.09E-007^ 

7.85E-013 

1.71E+001 

1.34E-011 

Dieldrin 

1.33E- 

006 

5.09E-007 

6.78E-013 

1 .60E+001 

1.08E-011 

PeCDD 

1.40E- 

009 

5.09E-b07 

.  7.13E-016 

7.80E+003 

5.55E-012 

Total 

2.80E-009 

Hazard  Index  -  Subchronic  - 

''  - 

Oral  (Maximum  Exposure  -Child) 

Chemical 

S' 

Subchronic 

\ 

Acceptable  Intake 

Concentration 

Oral 

/  Subchronic 

Chemical 

in  Soil 

\  Intake  Factor 

Daily  Intake 

\  /  Exposure 

Hazard 

(Non- Carcinogens) 

.  mg/kg  1; 

!  kg/kg/day 

lag/kg/day 

\  mg/kg/day 

Index 

Copper 

1.31E-002' 

6.i0E-006 

8.01E-008 

3.70E-002 

2.16E-006 

Antimony 

9.76E-004 

6.10E-006 

.  5.96E-009 

4.00E-003 

1.49E-006 

Mercury  (inorganic) 

2.32E-004 

6.10E-006 

1.41E-009 

2.00E-003 

7.06E-007 

Cadmium 

3.98E 

-004 

6.10E-b06 

2.43E-009 

1.00E-002 

2.43E-007 

Nickel 

2.92E 

>004 

6.10E-006 

1.78E-009 

2.00E-002 

8.91E-008 

Barium  .7"  / 

1 .19E 

>003 

6.10E-006 

,  7.28E^009 

5.10E-001 

1.43E-008 

/  ; 

/'  /' 

/  /'■  /'n. 

Total 

4.71E-006 

Hazard  Index  -  Oral  - 

Chronic 

Chemical 

'-v-i 

'"'V,  ''S 

Acceptable  Intake 

Concentration 

Lifetime  Oral 

Chronic 

Chemical 

in 

Soil 

Intake  Factor 

Daily  Intake 

Exposure 

Hazard 

(Non-Carcinogens) 

ng/kg 

kg/kg/day 

ng/kg/day 

mg/kg/day 

Index 

Antimony 

9.76E-004 

5.09E-007 

4.97E-010 

4.00E-004 

1.24E-006 

Cadmiim 

3.98E-004 

5.09E-007 

2.02E-010 

1.00E-003 

2.02E-007 

Copper 

1.31E-002 

5.09E-007 

6.68E-009 

3.70E-002 

1.81E-007 

Mercury  (inorganic) 

2.32E-004 

5.09E-007 

1.18E-010 

2.00E-003 

5.89E-008 

Barium 

1.19E-003 

5.09E-007 

6.07E-010 

5.10E-002 

1.19E-008 

Nickel 

2.92E-004 

5.09E-007 

1.49E-010 

2.00E-002 

7.44E-009 

Total 


1.70E-006 
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Table  7-24 

Oral  Risk  Calculations  -  Vegetables 
Including  Chemicals  Mot  Detected  in  the  Stack 
Hanson  School 


Carcinogenic  Risk  -  Oral 


Chemical 

Carcinogens 

Chemical 
Concentration 
in  Vegetables 
mg/kg 

Lifetime  Oral 
Intake  Factor 
kg/kg/day 

Daily  Intake 
mg/kg/day 

Carcinogenic 

Potency 

Factor 

(mg/kg/day) -1 

Carcinogenic 

Risk 

Cadmium 

3.21E-005 

1.27E-006 

4.08E4li 

6.10E+000 

2.49E-010 

Chromium  VI 

2.92E-006 

1.27E-006 

3.7lE-bl2 

4.10E+001 

1.52E-010 

Arsenic 

2.95E-005 

1.27E-006 

3.75E^011 

1.75E+000 

6.56E-011 

HxCDF 

2.15E‘009 

1.27E-006 

3.00E-015 

1.56E+004 

4.26E-011 

PeCDF 

3.33E-010 

1.27E-006 

4.23E-016  X 

7.80E+004 

3.30E-011 

Dioxin 

4.68E-011 

1.27E-006 

5.94E-017 

1.56E+005 

9.27E-012 

TeCOF 

2.18E-010 

1.27E-006 

2.77E-016 

1.56E+004 

4.32E-012 

HxCDD 

1.61E-010 

1.27E-006 

2.05E-016 

1.56E+004 

3.20E-012 

Aldrin 

1.25E-007 

1.27E-006 

1.58E-013 

1.71E+001 

2.70E-012 

Dieldrin 

1.08E-007 

1.27E-006 

1.37E-013 

1.60E+001 

2.18E-012 

PeCDD 

1,13E-010 

1 .27^-006 

.  1.44E-016 

4- 

7.80E+003 

1.12E-012 

' 

,,  Total 

5.65E-010 

Hazard  Index  -  Oral  -  Chronic 


Chemical 

Chemical 
Concentration 
in  Vegetables 

Lifetime  Oral 

X  Intake  Factor 

Daily  Intake 

Acc^tabV^  Intake 
Chronic 
/  Exposure 

Hazard 

(Non-Carcinogens) 

mg/kg  t 

kg/kg/day 

mg/kg/day 

mg/kg/day 

Index 

Antimony  7.88E-00S  /  1.27E-006  ,  1.00E-010  ,  4.00E-004  2.50E-007 
Cadmiim  3.21E-005'  1.27E-006  '  _  4.08E-011  1.00E-003  4.08E-008 
Copper  1.06E-003  1.27E-006  1.34E-009  3.70E-002  3.63E-008 
Mercury  (inorganic)  1.87E-005  1.27E-006  x,  2.37E-011  2.00E-003  1.19E-008 
Bariun  /  ^  9.(53E-005  1.27E-006  1.22E-010  5.10E-002  2.40E-009 
Nickel  //"  2.36E-005  1.27E-006  ,  2.99E-011  2.00E-002  1.50E-009 

/"/  \  /  >  'x,  X.,  - 


Total  3.43E-007 
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Table  7-25 

Oral  Risk  Calculations  -  Vegetables 
Maximum  Exposure 

Including  Chemicals  Not  Detected  in  the  Stack 
Hanson  School 


Carcinogenic  Risk  -  Oral 


Chemical 

Carcinogens 

Chemical 
Concentration 
in  Vegetables 
mg/kg 

Lifetime  Oral 
Intake  Factor 
kg/kg/day 

Daily  Intake 
■g/kg/day 

Carcinogeni( 

Potency 

Factor 

(mg/kg/day) 

Cadmiun 

3.21E-005 

7.65E-006 

2.45e4i0 

6.10E+000 

Chromium  VI 

2.92E-006 

7.65E-006 

2.24E-011 

4.10E+001 

Arsenic 

2.95E-005 

7.65E-006 

2. 2^-010 

1.75E+000 

HxCDF 

2,15E-009 

7.65E-006 

1.60E-014 

1.56E+004 

PeCDF 

3.33E-010 

7.65E-006 

3.00E-015 

7.80E+004 

Dioxin 

4.68E-011 

7.65E-006 

3.58E-0T6 

1.56E+005 

TeCDF 

2.18E-010 

7.65E-006 

2.00E-015 

1.56E+004 

HxCDD 

1.61E-010 

7.65E-006 

1.00E-015 

1.56E+004 

Aldrin 

1.25E-007 

7.65E-006 

9.52E-013 

1.71E+001 

Dieldrin 

1.08E-007 

7.65E-006 

8.22E-013 

1.60E+001 

PeCDD 

1.13E-010 

7.65E-006 

.  1.00E-015 

7.80E+003 

Total 


Chemi ca  t 

(Non- Carcinogens) 


Chemical 
Concentration 
in  Vegetables 
mg/kg 


Lifetime  Oral 
Intake  factor 
kg/kg/day 


Daily  Intake 
mg/kg/day 


Acceptably  Intake 
Chronic 
Exposure 
mg/kg/day 


Antimony 

Cadmium 

Copper 

Mercury  (inorganic) 

Barium 

Nickel 


/■ 


7.88E-005 
3.21^-005 
1.06E-003 
1 .87E"005 
9.63E-005 
2.36E-005 


7.65E-006 

7.65E-006 

7.65E-006 

7.65E-006 

7.65E-606 

7.65E-006 


6.03E-010 

2.45E-010 

8.10E-009 

1.43E-010 

7.36E-010 

1.80E-010 

/ 


4.00E-004 

1.00E-003 

3.70E-002 

2.00E-003 

5.10E-002 

2.00E-002 


/  / 
/  / 

.  /'  / 


/ 


Total 


Carcinogenic 

Risk 


1.50E-009 

9.17E-010 

3.95E-010 

2.56E-010 

1.99E-010 

5.58E-011 

2.60E-011 

1.92E-011 

1.63E-011 

1.32E-011 

6.74E-012 


>  3.40E-009 


Hazard 

Index 


1.51E-006 

2.45E-007 

2.19E-007 

7.15E-008 

1.44E-008 

9.02E-009 


2.07E-006 
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Table  7-26 

Inhalation  Risk  Calculations  -  Adults 
Including  Only  Chemicals  Detected  in  the  Stack 
On-Site  Receptors 


Carcinogenic  Risk  - 

Inhalation 

Chemical 

Carcinogens 

Chemical 

Concentration 

ing/m3 

Lifetime 
Inhalation 
Intake  Factor 
mS/kg/day 

Daily  Intake 
mg/kg/day 

Carcinogenic 

Potency 

Factor 

<mg/kg/day)-1 

Carcinogenic 

Risk 

Cadmiun 

5.41E-008 

1.62E-003 

8.77E-011 

6.10E->‘000 

5.35E-010 

Chromium  VI 

4.93E-009 

1.62E-003 

7.98E-012 

4.10E+001 

3.27E-010 

HxCDF 

3.62E-012 

1.62E-003 

6.00E-015 

1.56E+004 

9.16E-011 

TeCDF 

3.68E-013 

1.62E-003 

/5.96Er016 

1 .56E-i'004 

9.29E-012 

Aldrin 

2.10E-010 

1.62E-003 

C  3.40E-013 

\  1.70E+001 

5.78E-012 

Methylene  Chloride 

1.69E-007 

1.62E-003 

2.74E-010  . 

1.40E-002 

3.84E-012 

Carbon  tetrachloride 

1.75E-008 

1.62E-003  . 

2.84E-011 

X 1.30E-001 

3.69E-012 

Chloroform 

4.99E-009 

1.62E-003 

8.0SE-012 

8.10E-002 

6.54E-013 

f’  € 

Total 

9.77E-010 

Hazard  Index  -  Inhalation  - 

Subchronic  (8  Hour) 

/  ■  - 

••X.  %.  A  :f 

'x  / 

Daily 

/  \ 

Acceptable  Intake 

Chemical 

Inhalation 

\  S 

Subchrpnic 

Hazard 

Chemical 

Concentration 

Intake  Factor 

Daily  Intake 

%,  /  ■  Expoiure 

(Non- Carcinogens) 

mg/m3 

m3/kg/day 

mg/kg/day  " 

mg/kg/day 

Index 

Copper 

4.16E-005 

?  3.17E-001 

1.32E-005 

)  1. DOE -002 

1.32E-003 

Bariim 

3.78E-008  . 

3.17E-001 

1 .2bE-00i 

1.40E-003 

8.56E-004 

Mercury  (inorganic) 

7.33E-007  ' 

3.17E-001  / 

2.32E-607 

5.10E-004 

4.56E-004 

Cadmium 

1.26E-006 

3.17E-0011 

,  3.99E-007 

1.00E-002 

3.99E-005 

Nickel 

9.26E-007  , 

3.17E-()pi 

2.93E-007 

2.00E-002 

1.47E-005 

// 

\ 

/  % 

Total 

2.68E-003 

/  / 

% 

/  / 

I 

/ 

Hazard  Index  -  Inhalation  -  J 

/'  /' 

Chronic 

/'  /  /■■■■:. 

/  / 

-■t  /  /■ 

/ 

Lifetime 

Acceptable  Intake 

Chemical 

Inhalation 

Chronic 

Chemical 

Concentration 

Intake  Factor 

Dai ly  Intake 

Exposure 

Hazard 

(Non- Care i nogens ) 

ing/m3 

m3/kg/day 

ng/kg/day 

mg/kg/day 

Index 

Copper 

1.79E-006 

1.62E-003 

2.89E-009 

1.00E-003 

2.89E-006 

Barium 

1.62E-007 

1.62E-003 

2.63E-010 

1.40E-004 

1.88E-006 

Mercury  (inorganic) 

3.15E-008 

1.62E-003 

5.10E-011 

5.10E-005 

l.OOE-006 

Cadnium 

5.41E-0D8 

1.62E-003 

8.77E-011 

1.00E-003 

8.77E-008 

Nickel 

3.98E-008 

1.62E-003 

6.44E-011 

2.00E-002 

3.22E-009 

Total  5.86E-006 
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Table  7-27 

Oral  Risk  Calculations  -  Soil 
Including  Only  Chemicals  Detected  in  the  Stack 
On-Site  Receptors 


Carcinogenic  Risk 

-  Oral 

Chemical 

Carcinogens 

Chemical 
Concentration 
in  Soil 
mg/kg 

Lifetime  Oral 
Intake  Factor 
kg/kg/day 

Daily  Intake 
aie/kg/day 

Carcinogenic 

Potency 

Factor 

(mg/kg/day)-1 

Carcinogenic 

Risk 

Cacfenium 

Chromium  VI 

HxCDF 

TeCDF 

Aldrin 

6.38E-002 

5.81E-003 

4.27E-006 

4.33E-007 

2.47E-004 

5.09E-007 

5.09E-007 

5.09E-007 

5.09E-007 

5.09E-007 

3.25e408 

2.96E-009 

2-17E-D12 

2:21E-013 

1,26E-010 

6.10E+000 

4.10E+001 

1.56E+004 

1.56E+004 

1.71E+001 

1.98E-007 

1.21E-007 

3.39E-008 

3,44E-009 

2.15E-009 

Total 

3.59E-007 

Hazard  Index  -  Subchronic  • 

Oral  (Maximum  Exposure  -Child) 

/  / 
J  / 

Chemical 

(Non-Carcinogens) 

Chemical 
Concentration 
in  Soil 
mg/kg 

Subchronic 

Oral 

Intake  Factor 
kg/kg/day 

Daily  Intake 
mg/kg/day 

C 

Acceptable  Intake 
Subchronic "  / 
Exposurie  / 
mg/kg/day/ 

Hazard 

Index 

Copper 

Mercury  (inorganic) 

Cadmium 

Nickel 

Barium 

2.11E+000 

3.71E-002 

6.38E-002 

4.69E-002 

1.91E-001 

6.10E-006 

6.10E-006 

6.l6E-b06 

6.10E-0b6 

6.10E-006 

1.28E-005 

2.27E-007 

3.89E-007 

2.86E-007 

l.i7E-006 

..  3.70E-002 
'  ,/  2.00E-003 
1.00E-002 
2.00E-002 
5.10E-001 

3.47E-004 

1.13E-004 

3.89E-005 

1.43E-005 

2.29E-006 

f 

i 

...  . . . .../ 

Total 

5.16E-004 

Hazard  Index  -  Oral  - 

Chronic 

Chemical 

(Non-Carcinogens) 

Chemical 
Concentration 
in  Soil 
mg/kg 

Lifetime  Oral 
Intake  Factor 
kg/kg/day 

"H: 

Daily  Intake 
no/kg/day 

Acceptable  Intake 
Chronic 
Exposure 
mg/kg/day 

Hazard 

Index 

Cadmium 

Copper 

Mercury  (inorganic) 

Barium 

Nickel 

6.38E-002 

2.11E+000 

3.71E-002 

1e91E-001 

4,69E-002 

5.(}9E-b07 

5.09E-007 

5.09E-007 

5.09E-007 

5.09E-007 

3.25E-008 

1.07E-006 

1.89E-008 

9.74E-008 

2.39E-008 

1.00E-003 

3.70E-002 

2.00E-003 

5.10E-002 

2.00E-002 

3.25E-005 

2.90E-005 

9.45E-006 

1.91E-006 

1.19E-006 

7.40E-005 


Total 
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Table  7-28 

Inhalation  Risk  Calcultations  -  Adults 
Including  Only  Chemicals  Detected  in  the  Stack 
Fenceline  Receptors 


Carcinogenic  Risk  - 

Inhalation 

Chemical 

Carcinogens 

Chemical 

Concentration 

mg/m5 

Lifetime 
Inhalation 
Intake  Factor 
mS/kg/day 

Daily  Intake 
■O/kg/day 

Carcinogenic 

Potency 

Factor 

(mg/kg/day)-1 

Carcinogenic 

Risk 

Cackniun 

Chromium  VI 

HxCDF 

TeCDF 

Aldrin 

Methylene  Chloride 

Carbon  tetrachloride 
Chloroform 

2.55E-008 

2.32E-009 

1.70E-012 

1.73E-013 

9.88E-011 

7.95E-008 

8.25E-009 

2.34E-009 

6.12E-003 

6.12E-003 

6.12E-003 

6.12E-003 

6.12E-003 

6.12E-003 

6.12E-003 

6.12E-003 

1.56^-010 

1.4^E-d11 

1.00E-014 

1,00E-015 

6.04E-013 

4.87E-0lb 

5.05E-011 

1.44E-011 

6.10E^OOO 
4.10E+001 
1.56E+004 
1.56E+004 
1.70E+001 
1.40E-002 
/  1.30E-001 

8.10E-002 

9.50E-010 

5.82E-010 

1.63E-010 

1.65E-011 

1.03E-011 

6.81E-012 

6.56E-012 

1.16E-012 

/  <:, 

'  H..- 

Total 

'  >  /'  / 

' '  '■  /  ./ 

1.74E-009 

Hazard  Index  -  Inhalation  - 
Subchronic  (8  Hour) 

Chemical 

(Non -Carcinogens) 

Chemical 

Concentration 

mg/mS 

\  Daily 
Inhalation 
Intake  Factor 
m3/kg^day 

/ 

Daily  Intake 
mg/kg/day  \ 

Acceptable  Intake 
Subchronic 
\  /  Exposure 

'v "  mg/kg/day 

Hazard 

Index 

Copper 

Barium 

Mercury  (inorganic) 

Cadmium 

Nickel 

8.74E-006^ 

7.95E-007 

1.54E-007/ 

2.65E-007 

1.95E-007 

S  2.86E-b01 

2.86E-001 
2.86E-001 
2.86E-001 
2.86E-001 

2.501-006 

2.27E-007 

4.41E-008 

7.58E-008 

5.57E-008 

l.OOE-002 

1.40E-003 

5.10E-004 

1.00E-002 

2.00E-002 

2.50E-004 

1.62E-004 

8.65E-005 

7.58E-006 

2.78E-006 

‘  N ,  ' 

.-r 

Total 

5.09E-004 

Hazard  Index  -  Inhalation 
Chronic 

J  / 

/  <  /y 

Chemical 

(Non- Carcinogens) 

Chemical 

Concentration 

mg/m3 

Lifetime 
Irthalatlpn 
Intake  Factor 
mS/kg/day 

Daily  Intake 
mg/kg/day 

Acceptable  Intake 
Chronic 
Exposure 
mg/kg/day 

Hazard 

Index 

Copper 

Bariun 

Mercury  (inorganic) 

Cacknium 

Nickel 

8.40E-007 

7.64E-008 

1.48E-008 

2.55E-008 

1.87E-008 

6.12E-003 

6.12E-003 

6.12E-003 

6.12E-003 

6.12E-003 

5.14E-009 

4.67E-010 

9.07E-011 

1.56E-010 

1.14E-010 

1.00E-003 

1.40E-004 

5.10E-005 

1.00E-003 

2.00E-002 

5.14E-006 

3.34E-006 

1.78E-006 

1.56E-007 

5.72E-009 

1.04E-005 


Total 
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Table  7-29 

Inhalation  Risk  Calculations  -  6-year-old  children 
Including  Only  Chemicals  Detected  in  the  Stack 
Fence line  Receptors 


Carcinogenic  Risk  - 

Inhalation 

Lifetime 

Carcinogenic 

Chemical 

Inhalation 

Potency 

Chemical 

Concentration 

Intake  Factor 

Daily  Intake 

Factor 

Carcinogenic 

Carcinogens 

mg/m3 

niS/kg/day 

ng/kg/day 

(mg/kg/day)- 1 

Risk 

Cackniun 

2.55E-008 

1.67E-002 

4.25i^Clfio 

6.10Ei'000 

2.59E-009 

Chromiun  VI 

2.32E-009 

1.67E-002 

3.87E-011 

4.10E+001 

1.59E-009 

HxCDF 

1.70E 

-012 

1.67E-002 

2.80E-014 

1.56E+004 

4.44E-010 

TeCDF 

1.73E-013 

1.67E-002 

.  2.89E-015 

1.56E+004 

4.50E-011 

Aldrin 

9.88E-011 

1.67E-002 

'  i.65E-6l2  X 

1.70E+001 

2.80E-011 

Methylene  Chloride 

7.95E 

-008 

1.67E-002 

1.33E-009 

%  1.40E-002 

1 .86E-011 

Carbon  tetrachloride 

8.2SE 

-009 

1.67E-002 

1.38E-010 

/  1.30E-001 

1.79E-011 

Chloroform 

2.34E 

-009 

1.67E-002 ' 

3.92E-011 

8.10E-002 

3.17E-012 

/  / 

/  / 
fK  , 

Total 

4.74E-009 

Hazard  Index  -  Inhalation  - 

Subchronic  (8  Hour) 

"x  y  ■/ 

“  Daily 

'  i 

Acceptable  Intake 

Chemical 

inhalation 

\  \ 

Subchronic 

Chemical 

Concentration 

Intake  Fad^or 

Daily  Intake 

/  Exposure 

Hazard 

(Non- Carcinogens) 

mg/m3 

in3/kg/day 

mg/kg/day 

mg/kg/day 

Index 

Copper 

8.74E 

-006 

7.81E-001 

h63E-006 

\  }  1.00E-002 

6.83E-004 

Bariun 

7.95E 

-007  - 

7.81E-001 

6.218-007 

1.40E-003 

4.43E-004 

Mercury  (inorganic) 

1,54E 

-007 

7.81E-001 

1.20E-007 

5.10E-004 

2.36E-004 

Cacfcnium 

2.65E 

-007 

7.81E-00T 

<  2.07E-007 

1.00E-002 

2.07E-005 

Nickel 

1.95E-007 

7.81E-001 

1.52E-007 

2.00E-002 

7e60E-006 

/■  )<;,■ 

Total 

1.39E-003 

Hazard  Index  -  Inhalation  -/ 

/  / 

Chronic 

/  \  /  / 

''x-  € 

Lifetime 

Acceptable  Intake 

Chemical 

Inhalation 

Chronic 

Chemical 

Concentration 

Intake  Factor 

Daily  Intake 

Exposure 

Hazard 

(Non-Carcinogens) 

ing/m3 

mS/kg/day 

ng/kg/day 

mg/kg/day 

Index 

Copper 

8.40E 

-007 

1.67E-002 

1.40E-008 

1.00E-003 

1.40E-005 

Barium 

7.64E-008 

1.67E-002 

1.28E-009 

1.40E-004 

9.11E-006 

Mercury  (inorganic) 

1.48E 

-008 

1.67E-002 

2.47E-010 

5.10E-005 

4.85E-006 

Cadmium 

2.55E-008 

1.67E-002 

4.25E-010 

1.00E-003 

4.25E-007 

Nickel 

1.87E-008 

1.67E-002 

3.12E-010 

2.00E-002 

1.56E-008 

Total 


2.84E-005 
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Table  7-30 

Oral  Risk  Calculations  •  Soil 
Including  Only  Chemicals  Detected  in  the  Stack 
Fence line  Receptors 


Carcinogenic  Risk  -  Oral 


Chemical  Carcinogenic 


Chemical 

Carcinogens 

Concentration 
in  Soil 
mg/kg 

Lifetime  Oral 
Intake  Factor 
mg/kg/day 

Daily  Intake 
mg/kg/day 

Potency 

Factor 

(mg/kg/day) -1 

Carcinogenic 

Risk 

Cadmi  un 

Chromiim  VI 

HxCDF 

TeCDF 

Aldrin 

2.01E-003 

1.83E-004 

1.35E-007 

1.37E-008 

7.80E-006 

5.09E-007 

5.09E-007 

5.09E-007 

5.09E-007 

5.09E-007 

1.02e4)0^ 

9-321-011 

6.^E^014 

6.97E-015 

3.97E-012 

d.lOE-i'OOO 

4.10E+001 

1.56E+004 

1.56E+004 

1.71E+001 

6.24E-009 

3.82E-009 

1.07E-009 

1.08E-010 

6.79E-011 

y 

Total 

1.13E-008 

Hazard  Index  -  Subchronic  - 
Oral  (Maximum  Exposure  -Child) 

/  c 

/x 

Chemical 

(Non- Carcinogens) 

Chemical 
Concentration 
in  Soil 
mg/kg 

Subchronic 

Oral 

Intake  Factor 
mg/kg/day 

Daily  Intake 
mg/kg/day 

.f 

Accept ab 1 e  I nt ake 
Subchronic  / 
Exposure  / 
mg/kg/day 

Hazard 

Index 

Copper 

Mercury  (inorganic) 
Cdcknium 

Nickel 

Baritin 

6.64E 

1.71E 

2.01E 

1.48E 

6.03E 

-002 
-003 
-003  N 
-003  ^ 
-003" 

6.10E-006 
6.10E-b06 
\  6.10E-Od6 

6.10E-b06 
6.1pE-006 

4.05E-007\ 

1-04E-008 

(i.23E-008 

9.02E-009 

3.^E-008 

3.7CIE-002 
/  2.00E-003 

1.00E-002 
\  \  2.00E-002 
5.10E-001 

1.09E-005 

5-22E-006 

1.23E-006 

4.51E-007 

7.22E-008 

/ 

f-:.. 

./■ 

Total 

1.79E-005 

Hazard  Index  -  Oral 

-  Chronic 

. 

Chemical 

(Non- Carcinogens) 

I  1 

Ch^ical 
Concentration 
in  Soil 
""'x  /  mg/kg 

Lifetime  Oral 
/intake  Factor 
mg/kg/day 

Daily  Intake 
mg/kg/day 

Acceptable  Intake 
Chronic 
Exposure 
mg/kg/day 

Hazard 

Index 

Cadmium 

Copper 

Mercury  (inorganic) 

Barium 

Nickel 

2.01E-003 

6.64E-002 

1.71E-003 

6.03E-003 

1.48E-003 

5.09E-o67 

5.09E-007 

5.09E-007 

5.09E-007 

5.09E-007 

1.02E-009 

3.38E-008 

8.70E-010 

3.07E-009 

7.52E-010 

1.00E-003 

3.70E-002 

2.00E-003 

5.10E-002 

2.00E-002 

1.02E-006 

9.13E-007 

4.35E-007 

6.02E-008 

3.76E-008 

Total  2.47E-006 
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Table  7-31 

Oral  Risk  Calculations  -  Vegetables 
Including  Only  Chemicals  Detected  in  the  Stack 
Fence line  Receptors 


Carcinogenic  Risk  - 

Oral 

Chemical 

Carcinogens 

Chemical 
Concentration 
in  Vegetables 
mg/kg 

Lifetime  Oral 
Intake  Factor 
kg/kg/day 

Daily  Intake 
ns/kg/day 

Carcinogenic 

Potency 

Factor 

(mg/kg/day)- 1 

Carcinogenic 

Risk 

Cadmiun 

Chromium  VI 

HxCDF 

TeCDF 

Aldrin 

1.62E-004 

1.48E-005 

1.09E-008 

1.10E-009 

6.29E-007 

1.27E-006 

1.27E-006 

1.27E-006 

1.27E-006 

1.27E-006 

2.06E4ld 

1.88iE-011 

1.40E-014 

4.40E-015 

7.99E-013 

6.^0t+000 

4.10E+001 

1.56E+004 

1.56E+004 

1.71E+001 

1.26E-009 

7.70E-010 

2,15E-010 

2.18E-011 

1.37E-011 

/ 

/'/■ 

Total 

2.28E-009 

Hazard  Index  -  Oral 

-  Chronic 

Chemical 

(Non -Carcinogens) 

Chemical 
Concentration 
in  Vegetables 
mg/kg 

Lifetime  Oral 
Intake  Factor 
kg/kg/day 

Daily  Intake 
mg/kg/day 

Acceptable  Intake 
Chronic 
Exposure 
mg/kg/day 

Hazard 

Index 

Cadmium 

Copper 

Mercury  (inorganic) 

Barium 

Nickel 

1.62E-004 

5.36E-003 

9.45E-005 

4.87E-004 

1.19E-004 

V:  ./ 

1.2^-006 

1.27E-006 

1.27E-d06 

1.27E*066 

1.27E-006 

2.06E-010  \ 
6.80E-009  \ 
1a20E-010 
C6.18E-010 

1-5 IE -010 

^  1.00E-003 

3.70E-002 
"  /  2.00E-003 

X  \  5.10E-002 

\  \  2. DOE -002 

\  A- 

2.06E-007 

1.84E-007 

6.00E-008 

1.21E-008 

7.57E-009 

Total 


4.70E-007 
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Table  7-32 

Oral  Risk  Calculations  -  Vegetables 
Maximum  Exposure 

Including  Only  Chemicals  Detected  in  the  Stack 
Fence line  Receptors 


Carcinogenic  Risk 

-  Oral 

Chemical 

Carcinogens 

Chemical 
Concentration 
in  Vegetables 
mg/kg 

Lifetime  Oral 
Intake  Factor 
kg/kg/day 

Daily  Intake 
mg/kg/day 

Carcinogenic 

Potency 

Factor 

(mg/kg/day)- 1 

Cacknium 
Chromium  VI 
HxCDF 
TeCDF 
Aldrin 


1.62E-004 

1.48E-005 

1.09E-008 

1.10E-009 

6.29E-007 


7.65E-006 

7.65E-006 

7.65E-006 

7.65E-006 

7.65E-006 


1.24E-009 

1.13E-010 

8,30E-0U 

8.00E-015 

4*82E-0i2 


6.10E+000 
4.10E+001 
1 .56E+004 
1.56E+004 
1.71E+001 


Total 


Chemical 

(Non-Carcinogens) 


Chemical 
Concentration 
in  Vegetables 
mg/kg 


Lifetime  Oral 
Intake  Factor 
kg/kg/day 


Daily  Intake 
mg/kg/day 


'Acceptable  Intake 
Chronic  / 
Exposure'” 
mg/kg/day 


Cadmium 

Copper 

Mercury  (inorganic) 

Barium 

Nickel 


1.62E-004 

5.36E-003 

9.45E-005 

4.87E-004 

1.t9E-004 


7.65E-006 

7.65E-006 

7.65E-006 

7.65E-006 

7.65Er(j06 


1.24E-009 

4.10E-008 

7.23E-010 

3,72E-009 

9.12E-010 


1w00E-003 

3.70E-002 

2.00E-003 

5.10E-002 

2.00E-002 


// 


' ...  "v 

\  \ 
V  ri 


'N.  / 


/  /' 

/  /  /s 


Carcinogenic 

Risk 


7.57E-009 

4.64E-009 

1.30E-009 

1.32E-010 

8.23E-011 


1.37E-008 


Hazard 

Index 


1.24E-006 

1.11E-006 

3.61E-007 

7.30E-008 

4.56E-008 


Total 


2.83E-006 
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Table  7-33 

Inhalation  Risk  Calculations  *  Adults 
Including  Only  Chemicals  Detected  in  the  Stack 
Nearest  Residential  Receptors 


Carcinogenic  Risk  - 

Inhalation 

Chemical 

Carcinogens 

Chemical 

Concentration 

mg/niS 

Lifetime 
Inhalation 
Intake  Factor 
in3/kg/day 

Daily  Intake 
aig/kg/day 

Carcinogenic 

Potency 

Factor 

(mg/kg/day)-1 

Carcinogenic 

Risk 

Cadnium 

Chromiim  VI 

HxCDF 

TeCDF 

Aldrin 

Methylene  Chloride 

Carbon  tetrachloride 
Chloroform 

1.98E-008 

1.80E-009 

1.32E-012 

1.34E-013 

7.67E-011 

6.18E-008 

6.41E-009 

1.82E-009 

6.12E-003 

6.12E-003 

6.12E-003 

6.12E-003 

6.12E-003 

6.12E-003 

6.12E-003 

6.12E-003 

1 .211-010 
1.10E-011 
8^00E-015 
/1.00E-015 
4.70E-013 
3.78E-010 
3.92E-011 
1.12E-011 

6.10E+000 

4.10E+001 

1.56E+004 

1.56E+004 

1.70E+001 

1.40E-002 

1.30E-001 

8.10E-002 

7.38E-010 

4.52E-010 

1.26E-010 

1.28E-011 

7.98E-012 

5.29E-012 

5.10E-012 

9.03E-013 

/  / 

fr  i 

til 

•‘v..  ,r 

Total 

1.35E-009 

Hazard  Index  -  Inhalation  - 
Subchronic  (8  Hour) 

Chemical 

(Non- Carcinogens) 

Chemical 

Concentration 

ing/m3 

Daily 
Inhalation 
Intake  Factor 
in3/kg/day 

/  C 

Daily  Intake, 
ng/kg/day 

Acceptable  Intake 
Subchronic 
\  /  ,■  Exposure 
mg/kg/day 

Hazard 

Index 

Copper 

Barium 

Mercury  (inorganic) 

Cadmium 

Nickel 

6i08E-006  ^ 
S.53E-007 

1 .07E-007 
1.84E-007 
1.35E-007 

2.86E-001 

2.86E-001 

2.86E-001 

2.86E-001 

2.86E-001 

i.74E-006 
1.58E-007 
3.07E-608 
.  5.27E-008 

3.87E-008 

\  ^  1.00E-002 

1.40E-003 
5.10E-004 
1.00E-002 
2.00E-002 

1.74E-004 

1.13E-004 

6.02E-005 

5.27E-006 

1.94E-006 

J’'  /' 

/’  J- 

"x 

Total 

3.54E-004 

Hazard  Index  -  Inhalation  •  ^ 
Chronic  'S.  / 

£  1 

Chemical 

(Non- Carcinogens) 

Chemical 

Concentration 

mg/m3 

Lifetime 
Inha tat  ion 
Intake  Factor^ 
inS/kg/day 

Daily  Intake 
mg/kg/day 

Acceptable  Intake 
Chronic 
Exposure 
mg/kg/day 

Hazard 

Index 

Copper 

6.53E-007 

6.12E-003 

4.00E-009 

l.OOE-003 

4.00E-006 

Barium 

5.94E-008 

6.12E-003 

3.63E-010 

1.40E-004 

2.59E-006 

Mercury  (inorganic) 

1.15E-008 

6.12E-003 

7.05E-011 

5.10E-005 

1.38E-D06 

Cadmium 

1.98E-008 

6.12E-003 

1.21E-010 

1.00E-003 

1.21E-007 

Nickel 

1.45E-008 

6.12E-003 

8.90E-011 

2.00E-002 

4.45E-009 

Total  8.10E-006 
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Table  7-34 

Inhalation  Risk  Calculations  -  6-year-old  children 
Including  Only  Chemicals  Detected  in  the  Stack 
Residential  Receptors 


Carcinogenic  Risk  - 

Inhalation 

Chemical 

Carcinogens 

Chemical 

Concentration 

mg/mS 

Lifetime 
Inhalation 
Intake  Factor 
a3/kg/day 

Daily  Intake 
■g/k9/day 

Carcinogenic 

Potency 

Factor 

<mg/kg/day)-1 

Carcinogenic 

Risk 

Cadmiun 

1.98E-008 

1.67E-002 

3.30E-610 

6.10E-^000 

2.01E-009 

Chromium  VI 

1.80E-009 

1.67E-002 

3.01E-0il 

4.10E+001 

1.23E-009 

HxCDF 

1.32E-012 

1.67E-002 

2.2bE*^014 

1.56E+004 

3.45E-010 

TeCDP 

1.34E-013 

1.67E-002 

2.24E-015 

1.56E+004 

3.49E-011 

Aldrin 

7.67E-011 

1.67E-002 

1.28E-012 

1.70E+001 

2.18E-011 

Methylene  Chloride 

6.18E-008 

1.67E-002 

1,03E-009 

1.40E-002 

1.44E-011 

Carbon  tetrachloride 

6.41E-009 

1.67E-002 

1.07E-010 

1.30E-001 

1.39E-011 

Chloroform 

1.82E-009 

1.67E-002 

3.04E-011 

8.10E-002 

2.46E-012 

/f  f 

Total 

3.68E-009 

Hazard  Index  -  Inhalation  - 

4  /' 

Subchronic  (8  Hour) 

"H,  /  /' 

Daily 

Acceptable  Intake 

Chemical 

Inhalation 

/ 

Subchronic 

Chemical 

Concentration 

Intake  Factor 

Daily  Intake 

Exposure 

Hazard 

(Non- Carcinogens) 

mg/fliS 

niS/kg/^y 

mg/kg/day 

,/  mg/kg/day 

Index 

Copper 

6.08E-006 

7.81E-001 

'4.75E-006 

\  1.00E-002 

4.75E-004 

Barium 

5.53E-007 

7.81E-001 

4.32E-007 

\  }  1.40E-003 

3.08E-004 

Mercury  (inorganic) 

1.07E-007 

7.81E-001 

8.38E-008 

5.10E-004 

1 .64E-004 

Cadmium 

1.84E-007 

7.81E-001 

1.44E-007 

1.00E-002 

1 .44E-005 

Nickel 

1.35E-007 

7.81E-001 

.  1.06E-007 

/  2.00E-002 

5.29E-006 

\ 

Total 

9.67E-004 

Hazard  Index  -  Inhalation  - 

'i, 

n 

/ 

/  / 

/  / 

Chronic  % 

1 

S' 

Lifetime 

Acceptable  Intake 

Chemical 

Inhalation 

Chronic 

Chemical 

Concentration 

Intake  Factor 

Daily  Intake 

Exposure 

Hazard 

(Non- Carcinogens) 

mg/mS 

m3/kg/day 

mg/kg/day 

mg/kg/day 

Index 

Copper 

6.53E-007 

1.67E-002 

1.09E-008 

1.00E-003 

1.09E-005 

Barium 

5.94E-008 

1.67E-002 

9.91E-010 

1.40E-004 

7.08E-006 

Mercury  (inorganic) 

1.15E-008 

1.67E-002 

1.92E-010 

5.10E-005 

3.77E-006 

Cackniim 

1.98E-008 

1e67E-002 

3.30E-010 

1.00E-003 

3.30E-007 

Nickel 

1.4SE-008 

1.67E-002 

2.43E-010 

2.00E-002 

1.21E-008 

Total 


2.21E-005 
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Table  7-35 

Oral  Risk  Calculations  -  Soil 
Including  Only  Chemicals  Detected  in  the  Stack 
Nearest  Residential  Receptors 


Carcinogenic  Risk 

-  Oral 

Chemical 

Carcinogens 

Chemical 
Concentration 
in  Soil 
mg/kg 

Lifetime  Oral 
Intake  Factor 
kg/kg/day 

Daily  Intake 
aig/kg/day 

Carcinogenic 

Potency 

Factor 

(mg/kg/day)-1 

Carcinogenic 

Risk 

Cadnium 

Chromiim  VI 

KxCDF 

TeCOF 

Aldrin 

1.88E-003 

1.71E-004 

1.26E-007 

1.27E-008 

7.28E-006 

5.09E-007 

5.09E-007 

5.09E-007 

5.09E-007 

5.09E-007 

9.55E-010 

8.rbE-bii 

6.40E-d14 

6.00E-015 

3.70E-012 

6.10E+000 

4.10E+001 

1 .56E+004 
1.56E+004 
1.71E+001 

5.82E-009 

3.57E-009 

9.97E-010 

1.01E-010 

6.33E-011 

Total 

1.06E-008 

Hazard  Index  -  Subchronic  - 
Oral  (Maximum  Exposure  -Child) 

i  ■  4" 

/i 

Chemical 

(Non-Carcinogens) 

Chemical 
Concentration 
in  Soil 
mg/kg 

Subchronic 

Oral 

Intake  Factor 
kg/kg/day 

Daily  Intake 
/  mg/kg/day  , 

Acceptable  Intake 
Subchronic 
Exposure 
mg/kg/day 

Hazard 

Index 

Copper 

Mercury  (inorganic) 

Cadmium 

Nickel 

Barium 

6.19E-002 
1.09E-003 
1.88E-003  : 
t.38E-003 
5.65E-003 

6.10E-006 
6.10E-006 
6.10E-006 
-  6.10E-006 

6.T0E-006 

3.78E-007  ' 
J-66E-009 
1.14E-008 
8;41E-d09 
3.43E-008 

''  /  3.70E-002 
<  2.00E-003 

1.00E-002 
\  /  2.00E-002 

5.10E-001 

1.02E-005 

3.33E-006 

1.14E-006 

4.21E-007 

6.73E-008 

N,- 

c 

Total 

1.52E-005 

Hazard  Index  -  Oral  - 

Chronic 

"x..  ' 

Chemical 

(Non -Carcinogens) 

Chemical 
Concentration 
/in  Soil 
mg/kg 

/  / 

Lifetime  Orai 
Intake  Factor 
kg/kg/day 

Daily  Intake 
mg/kg/day 

Acceptable  Intake 
Chronic 
Exposure 
mg/kg/day 

Hazard 

Index 

Cackniun 

Copper 

Mercury  (inorganic) 

Barium 

Nickel 

1.88E-003 

6.19E-002 

1.09E-003 

5.63E-003 

1.38E-003 

5.09E-007 

5.09E-007 

5.09E-007 

5.09E-007 

5.09E-007 

9.55E-010 

3.15E-008 

5.56E-010 

2.86E-009 

7.02E-010 

1.00E-003 

3.70E-002 

2.00E-003 

5.10E-002 

2.00E-002 

9.55E-007 

8.52E-007 

2.78E-007 

5.62E-008 

3.51E-008 

2.18E-006 


Total 
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Table  7-36 

Oral  Risk  Calculations  -  Vegetables 
Including  Only  Chemicals  Detected  in  the  Stack 
Nearest  Residential  Receptors 


Carcinogenic  Risk 

-  Oral 

Chemical 

Carcinogens 

Chemical 
Concentration 
in  Vegetables 
mg/kg 

Lifetime  Oral 
Intake  Factor 
kg/kg/day 

Daily  Intake 
a«/kg/day 

Carcinogenic 

Potency 

Factor 

(mg/kg/day) -1 

Cadmium 

1.51E-004 

1.27E-006 

1.92E-0ld 

6.10E'i'000 

ChromiuTt  VI 

1.38E-005 

1.27E-006 

1.7SE-dl1 

4.10E+001 

HxCDF 

1.01E-008 

1.27E-006 

1.30E-014 

1.56E+004 

TeCDF 

1.03E-009 

1.27E-006 

1.31E-dl5 

1 .56E+004 

Aldrin 

5.87E-007 

1.27E-006 

7.46E-013  , 

1.71E+001 

Total 


Hazard  Index  -  Oral  -  Chronic 


Chemical 

(Non- Carcinogens) 


Chemical 
Concentration 
in  Vegetables 
mg/kg 


Lifetime  Oral 
Intake  Factor 
kg/kg/day 


Cadmium 

Copper 

Mercury  (inorganic) 

Bariun 

Nickel 


1.51E-004 

5,O0E-003 

8.81E-0d5 

4.54E-004. 

U11E-004 


/ 


/ 


1.27E-006 

1.27E-006 

1.27E-006 

1.27E-006 

1.2rE-d06 


Daily  Intake 
mg/kg/day 


Acceptable  Intake 
Chronic 
Exposure 
mg/kg/day 


1.92E-010 

6.34E-009 

,1.12E-010 

5.77E-010 

1.41E-010 


1.00E-003 

3.70E-002 

2.00E-003 

5.10E-002 

2.00E-002 


Total 


Carcinogenic 

Risk 


1.17E-009 

7.18E-010 

2.01E-010 

2.04E-011 

1.28E-011 


2.12E-009 


Hazard 

Index 


1.92E-007 

1.71E-007 

5.59E-008 

1.13E-008 

7.06E-009 


4,38E-007 
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Table  7-37 

Oral  Risk  Calculations  -  Vegetables 
Max  i  nun  Exposure 

Including  Only  Chemicals  Detected  in  the  Stack 
Nearest  Residential  Receptors 


Carcinogenic  Risk  - 

Oral 

Chemical 

Carcinogens 

Chemical 
Concentration 
in  Vegetables 
mg/kg 

lifetime  Oral 
Intake  Factor 
kg/kg/day 

Daily  Intake 
■ig/kg/day 

Carcinogenic 

Potency 

Factor 

<mg/kg/day)-1 

Carcinogenic 

Risk 

Cadmium 

Chromium  VI 

HxCDF 

TeCDF 

Aldrin 

1.51E*00A 

1.38E-005 

1.01E-008 

1.03E-009 

5.87E-007 

7.65E-006 

7.65E-006 

7.65E-006 

7.65E-006 

7.65E-006 

1.16i-069 
1.C)5E-010 
7.70E-014 
/8^d0E-015  ^ 
4.49E-012 

6.10Ei>000 

4.10E+001 

1.56E+004 

1.56E+004 

1.71E+001 

7.07E-009 

4.33E-009 

1.21E-009 

1.23E-010 

7.68E-011 

Total 

1.28E-008 

Hazard  Index  -  Oral 

-  Chronic 

Chemical 

(Non* Carcinogens) 

Chemical 
Concentration 
in  Vegetables 
mg/kg 

Lifetime  Oral 
Intake  Factor 
kg/kg/day 

Daily  Intake 
mg/kg/day 

Acceptable  Intake 
Chronic 
Exposure 
mg/kg/day 

Hazard 

Index 

Cadnium 

Copper 

Mercury  (inorganic) 

Barium 

Nickel 

1.51E-004 
5.00E-003 
8.8Tr-005 
4.54E-004  ^ 
irni-004  ^ 

7.65E^006 
7.65E-006 
\  7.65E*b06 

7.65E*d06 
7.65E-006 

1.166*009 

3.82E*008 

6.74E*010 

3.47E-009 

8.51E-010 

/  1.00E-003 

‘  3.70E-002 

/  2.00E-003 

5.10E-002 
^  ;  2.00E-002 

1.16E-006 

1.03E-006 

3.37E-007 

6.81E*008 

4.25E-008 

Total 


2.64E>006 
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Table  7-38 

Inhalation  Risk  Calculations  *  Adults 
Including  Only  Chemicals  Detected  in  the  Stack 
Irondale  Receptors 


Carcinogenic  Risk  - 

Inhalation 

Chemical 

Carcinogens 

Chemical 

Concentration 

iag/m3 

Lifetime 
Inhalation 
Intake  Factor 
m3/kg/day 

Daily  Intake 
ng/kg/day 

Carcinogenic 

Potency 

Factor 

<mg/kg/day)-1 

Carcinogenic 

Risk 

Cadmium 

Chromiiin  VI 

HxCOF 

TeCDF 

Aldrin 

Methylene  Chloride 

Carbon  tetrachloride 
Chloroform 

3.81E-009 

3.47E-010 

2.55E-013 

2.60E-014 

1.48E-011 

1.19E-008 

1.23E-009 

3.51E-010 

6.12E-003 

6.12E-003 

6.12E-003 

6.12E-003 

6.12E-003 

6.12E-003 

6.12E-003 

6.12E-003 

2.33E-011 
2.12E-012 
KS6E-015 
1.59E-dl6 
9:i0E-014 
%7.28E-0n  ^ 

7.55E-012 
2.15E-012 

6.10E-^000 

4.10E+001 

1.56E+004 

1.56E+004 

1.70E+001 

1.40E-002 

1.30E-001 

8.10E-002 

1.42E-010 

8.70E-011 

2.43E-011 

2.48E-012 

1.54E-012 

1.02E-012 

9.81E-013 

1.74E-013 

Total 

2.60E-010 

Hazard  Index  -  Inhalation  - 
Subchronic  (8  Hour) 

Chemical 

( Non- Ca  r c i nogens ) 

Chemical 

Concentration 

ing/ii3 

Daily 
Inhalation 
Intake  Factor 
niS/kg/day 

Daily  Intake 
mg/kg/day 

Acceptable  Intake 
Subchronic 
Exposure 
mg/kg/day 

Hazard 

Index 

Copper 

Barium 

Mercury  (inorganic) 

Cadmium 

Nickel 

4.36E-006^^ 

3.96E-007 

7.69E-008 

1.32E-007 

9.7bE-008 

1  2.86E-601 

2.86E-001 
2.86E-001 
2.86E-001 
2.86E-001 

“X-.. 

1.25E-006 
1.13E-007 
2.20E-008 
3.78E-0b8 
'  2.78E-008 

\  1.00E-002 

\/  1.40E-003 

5.10E-004 
1.00E-002 
2.00E-002 

1.25E-004 

8.09E-005 

4.31E-005 

3.78E-006 

1.39E-006 

/'  / 

'■t.. 

\ 

.  / 

>■ 

Total 

2.54E-004 

Hazard  Index  -  Inhalation  • 
Chronic 

/'  / 

f  /  ; 

Chemical 

(Non- Carcinogens) 

Chemical 

Concentration 

mg/m3 

Lifetime 
Inihalatipn 
Intake  Factor 
in3/kg/(day 

Daily  Intake 
mg/kg/day 

Acceptable  Intake 
Chronic 
Exposure 
mg/kg/day 

Hazard 

Index 

Copper 

Bariim 

Mercury  (inorganic) 

Cadmium 

Nickel 


1.26E-007 

1.UE-008 

2.22E-009 

3.81E-009 

2.88E-009 


6.12E-003 

6.12E-003 

6.12E-003 

6.12E-003 

6.12E-003 


7.69E-010 

6.99E-011 

1.36E-011 

2.33E-011 

1.76E-011 


1.00E-003 

1.40E-004 

5.10E-005 

1.00E-003 

2.00E-002 


7.69E-007 

4.99E-007 

2.66E-007 

2.33E-008 

8.81E-010 


1.56E-006 


Total 
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Table  7-39 

Inhalation  Risk  Calculations  -  6-year-old  children 
Including  Only  Chemicals  Detected  in  the  Stack 
Irondale  Receptors 


Carcinogenic  Risk  - 

Inhalation 

Chemical 

Carcinogens 

Chemical 

Concentration 

mg/irS 

lifetime 
Inhalation 
Intake  Factor 
mS/kg/day 

Daily  Intake 
ng/kg/day 

Carcinogenic 

Potency 

Factor 

(mg/kg/day)-1 

Carcinogenic 

Risk 

Cachniun 

Chromium  VI 

HxCDF 

TeCOF 

Aldrin 

Methylene  Chloride 

Carbon  tetrachloride 
Chloroform 

3.81E-009 

3.47E-010 

2.55E-013 

2.60E-014 

1.48E-011 

1.19E-008 

1.23E-009 

3.51E-010 

1.67E-002 

1.67E-002 

1.67E-002 

1.67E-002 

1.67E-002 

1.67E-002 

1.67E-002 

1.67E-002 

6.36E*Ql1 
5.79E-612 
4«^25E-015 
.4.34E-016  , 

;  2.47E-013  ' 

1.99E-010 
2.06E-011 
5.86E-012 

6.10E-^000 
4.10E-»'001 
1.56E+004 
1.56E+004 
1.70E+001 
1.40E-002 
=  /  1.30E-001 

8.10E-002 

3.88E-010 

2.37E-010 

6.64E-011 

6.77E-012 

4.20E-012 

2.78E-012 

2.68E-012 

4.74E-013 

Total 

7.09E-010 

Hazard  Index  -  Inhalation  - 
Subchronic  (8  Hour) 

'  "-s/'"'""-  /  / 

Chemical 

<  Non- Ca  rc i nogens ) 

Chemical 

Concentration 

ing/m3 

Daily 
Inhalation 
Intake  Factor 
ffl3/kg/day 

S.  'x 

"  \  \ 

Daily  Intake 
mg/kg/day 

Acceptable  Intake 
Subchronic 
\  /  /"Exposiure 
/mg/kg/day 

Hazard 

Index 

Copper 

Barium 

Mercury  (inorganic) 

Cadhiium 

Nickel 

,  \ 

4.36E-006 
3.96E-007  . 
7.69E-008  ' 
1.32E-007 
9.70E-008  . 

i  7.81E-001 
7.81E-001 
7.81E-001 
7,81E-001 
7.81E-qp1 

3.40E%6 
3.09E-007 
6.00E-b08 
,  1.03E-007 
7.58E-008 

l.OOE-002 

1.40E-003 

5.10E-004 

1.00E-002 

2,00E-002 

3.40E-004 

2.21E-004 

1.18E-004 

1.03E-005 

3.79E-006 

/  / 

\ 

%  \ 

\  \ 

Total 

6.93E-004 

Hazard  Index  -  Inhalation  - 
Chronic  ,< 

i 

/  / 

/’  <  ,r  'P 

Chemical 

(Non- Care i nogens ) 

Chemical 

Concentration 

ing/m3 

'  '  < 

lifetime 
Inhalation 
Intake  Factor 
m3/kg/day 

Daily  Intake 
mg/kg/day 

Acceptable  Intake 
Chronic 
Exposure 
mg/kg/day 

Hazard 

Index 

Copper 

Barium 

Mercury  (inorganic) 

Cacknium 

Nickel 

1.26E-007 

1.14E-008 

2.22E-009 

3.81E-009 

2.88E-009 

1.67E-002 

1.67E-002 

1.67E-002 

1.67E-002 

1.67E-002 

2.10E-009 

1.91E-010 

3.70E-011 

6.36E-011 

4.81E-011 

1.00E-003 

1.40E-004 

5.10E-005 

1.00E-003 

2.00E-002 

2.10E-006 

1.36E-006 

7.26E-007 

6.36E-008 

2.40E-009 

Total  4.25E-006 
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Table  7-40 

Oral  Risk  Calculations  -  Soil 
Including  Only  Chemicals  Detected  in  the  Stack 
Irondale  Receptors 


Carcinogenic  Risk  -  Oral 


1 - 

Chemical 

Carcinogens 

Chemical 
Concentration 
in  Soil 
iig/kg 

Lifetime  Oral 
Intake  Factor 
kg/kg/day 

Cadmiun 

6.53E-004 

5.09E-007 

Chromium  VI 

5.95E-005 

5.09E-007 

KxCDF 

4.37E-008 

5.09E-007 

TeCDF 

4.44E-009 

5.09E-007 

Aldrin 

2.53E-006 

5e09E-007 

Hazard  Index  -  Subchronic  • 

Oral  (Maximum  Exposure  -Child) 

/Subchronic 
C  Oral 

Intake  Factor 
kg/kg/day 

Chemical 

(Non- Carcinogens) 

Chemical 
Concentration 
in  Soil 
mg/kg 

Copper 

2.16E-002 

6.^0E-006 

Mercury  (inorganic) 

3.80E-004  ^ 

6.10E-b06 

Cadmi urn 

6.53E-004  ^ 

6,10E-606 

Nickel 

.4.80E-004 

6.10E-006 

Barium 

1.96E-003  r 

6.IOE-006 

''x-,  >■, 

J'  " 

Hazard  Index  •Oral  -  Chronic 


Chemical 

(Non- Carcinogens) 

Chemical 
Concentration 
in  Soil 
mg/kg 

,  Lifetime  Oral 
Intake  Factor 
kg/kg/day 

Cadmium 

6.53E-004 

5.09e-007 

Copper 

2.18E-002 

5.09E-007 

Mercury  (inorganic) 

3.80E-004 

5.09E-007 

Barium 

1.96E-003 

5,09E-007 

Nickel 

4.80E-004 

5.09E-007 

Daily  Intake 
ng/kg/day 

Carcinogenic 

Potency 

Factor 

<mg/kg/day)-1 

Carcinogenic 

Risk 

3.32E-010 

6.10E+000 

2.03E-009 

3.b3E-011 

4.10E+001 

1.24E-009 

2.20E-014 

1.56E+004 

3.47E-010 

2e00^015 

1 .56E+004 

3.52E-011 

1.29E-0i2 

1.71E+001 

2.21E-011 

Total 

3.67E-009 

Daily  Intake 
/  mg/kg/^y  . 

Acc^tabie  Intake 
SuSchronic 
Exposure 
mg/kg/day 

Hazard 

Index 

\ 

1.32E-007  \  ' 

3.70E-002 

3.55E-006 

/2.32E-009 

2.00E-003 

1.16E-006 

3.98E-009 

1.00E-002 

3.98E-007 

2.93E-009 

/  2.00E-002 

1.46E-007 

1.20E-008 

5.10E-001 

2.34E-008 

■  ■  ■  ■  ■  . . - 

Total 

5.28E-006 

Daily  Intake 
ng/kg/day 

Acceptable  Intake 
Chronic 
Exposure 
mg/kg/day 

Hazard 

Index 

3.32E-010 

1.00E-003 

3.32E-007 

1.10E-008 

3.70E-002 

2.97E-007 

1.94E-010 

2.00E-003 

9.68E-008 

9.98E-010 

5.10E-002 

1.96E-008 

2.44E-010 

2.00E-002 

1.22E-008 

Total  7.58E-007 
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Table  7-41 

Oral  Risk  Calculations  -  Vegetables 
including  Only  Chemicals  Detected  in  the  Stack 
Irondale  Receptors 


Carcinogenic  Risk  -  Oral 


Chemical  Carcinogenic 


Chemical 

Carcinogens 

Concentration 
in  Vegetables 
mg/kg 

lifetime  Oral 
intake  Factor 
kg/kg/day 

Daily  intake 
mg/kg/day 

Potency 

Factor 

(mg/kg/day) -1 

Carcinogenic 

Risk 

Cadmium 

5.27E-005 

1.27E-006 

6.69E-011 

6.10E-i'000 

4.08E-010 

Chromium  VI 

4.80E-006 

1.27E-006 

6.1dE-6l2 

4.10E+001 

2.50E-010 

HxCDF 

3.53E-009 

1.27E-006 

4.00E-015 

1.56E+004 

6.99E-011 

TeCDF 

3.58E-010 

1.27E-006 

4.55E-0r6 

1.56E+004 

7.09E-012 

Aldrin 

2.04E-007 

1.27E-006 

2:60E-013 

1.71E+001 

4.44E-012 

Total  7.40E-010 


Hazard  Index  -  Oral  -  Chronic 


Chemical 

(Non- Carcinogens) 

Chemical 
Concentration 
in  Vegetables 
mg/kg 

Lifetime  Oral 
Intake  Factor 
kg/kg/day 

Daily  Intake 
mg/kg/day 

Acceptable  Intake  ^ 
Chronic 
""E^cposurrf’  /' 
mg/kg/day  ' 

Hazard 

Index 

Cadmium 

Copper 

Mercury  (inorganic) 

Barium 

Nickel 

5.27E-005 
1.74E-003 
3.07E-005  . 

1 .sal -004 
3^8^-005  J 

/  / 

1.27E-006 

1.27E-006 

1.27E-b06 

1. 271^006 
f  1.27E-006 

6.69E-0lV  \ 
2.21E-009  \ 
3.90E-011  \ 
2.01E-010 
4.92E-011 

/  .  l.OOE-003 
/  /  3.70E-002 
2.00E-003 
5.10E-002 
\  \  2.00E-002 

6.69E-008 

5.97E-008 

1.95E-008 

3.94E-009 

2.46E-009 

/■ 

/ 

"  > 

Total 

1.53E-007 
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Table  7-42 

Oral  Risk  Calculations  -  Vegetables 
Maximum  Exposure 

Including  Only  Chemicals  Detected  in  the  Stack 
Irondale  Receptors 


Carcinogenic  Risk  -  Oral 


Chemical 

Carcinogens 

Chemical 
Concentration 
in  Vegetables 
mg/kg 

Lifetime  Oral 
Intake  Factor 
kg/kg/day 

Daily  Intake 
mg/kg/day 

Carcinogenic 

Potency 

Factor 

(mg/kg/day) -1 

Carcinogenic 

Risk 

Cackniun 

Chromium  VI 

HxCDF 

TeCDF 

Aldrin 

5.27E-005 

4.80E-006 

3.53E-009 

3.58E-010 

2.04E-007 

7.65E-006 

7.65E-006 

7.65E-006 

7.65E-006 

7.65E-006 

4.03E-dl0 

3,67E-011 

2.70E-014 

3.00E-015 

1.56E-012 

6.10E+000 

4.10E+001 

1.56E+004 

1.56E+004 

1.71E+001 

2.46E-009 

1.51E-009 

4.21E-010 

4.27E-011 

2.68E-011 

/' 

Total 

4.46E-009 

Hazard  Index  -  Oral 

-  Chronic 

./ 

Chemical 

(Non- Carcinogens) 

Chemical 
Concentration 
in  Vegetables 
mg/kg 

Lifetime  Oral 
Intake  Factor 
kg/kg/day 

‘V 

Daily  Intake 
7  mg/kg/day 

Acceptable  In^ke 
"■-(Jhr^onic-'  / 
Exposure  / 
mg/kg/day 

Hazard 

Index 

Cadmium 

Copper 

Mercury  (inorganic) 

Barium 

Nickel 

5.27E-005 
1.74E-d03 
3-07E-0d5 
U58E-004 
3.87E-005 
■  /  / 

7,65E-006 
7.6SE-606 
\  7.65E-0d6 

1  7.65E-b06 

7.65E-006 

4.03E-010 

l*33E-008 

2.35E-010 

1.21E-009 

2-96E-0r0 

/  /  1.00E-003 
/  3.70E-002 

2.00E-003 
5.10E-002 
"  2.00E-002 

4.03E-007 

3.60E-007 

1.17E-007 

2.37E-008 

1.48E-008 

Total 


9.19E-007 


Woodward-Clyde  ConsuKants 


Table  7-43 

Inhalation  Risk  Calculations  -  Adults 
Including  Only  Chemicals  Detected  in  the  Stack 
Hanson  School 


Carcinogenic  Risk  - 

Inhalation 

Chemical 

Carcinogens 

Chemical 

Concentration 

mg/m3 

Lifetime 
Inhalation 
Intake  Factor 
ii6/kg/day 

Daily  Intake 
aio/kg/day 

Carcinogenic 

Potency 

Factor 

(mg/kg/day)- 1 

Carcinogenic 

Risk 

Cadmium 
Chromiun  VI 
HxCDF 

Carbon  tetrachloride 

TeCDF 

Aldrin 

Methylene  Chloride 
Chloroform 


2.94E-009 

2.67E-010 

1.96E-013 

9.51E-009 

2.00E-014 

1.14E-011 

9.17E-009 

2.70E-010 


6.12E-003 

6.12E-003 

6.12E-003 

6.12E-003 

6.12E-003 

6.12E-003 

6.12E-003 

6.12E-003 


I.BOE^On 

1.64E-dl2 

1.00E-015 

5.82E-011 

1.22E-016 

7.00E-014 

5.61E-011 

1.66E-012 


6.10E4'000 
4.10E+001 
1 .56E+004 
1.30E-001 
1.56E+004 
1.70E+001 
1.40E-002 
8.10E-002 


Total 


Hazard  Index  -  Inhalation  - 
Subchronic  <8  Hour) 


Chemical 

(Non-Carcinogens) 


Chemical 

Concentration 

mg/rnS 


\  ly 

inhalation 
Intake  Factor 
m3/kg/day 


Daily  Intake 
mg/kg/day 


Acceptable  Intake 
Subchronic 
Exposure 
,/  mg/kg/day 


Copper 

Barium 

Mercury  (inorganic) 

Cadmiun 

Nickel 


3,13E-006 

2.84E-007 

<5.52E-008 

9:48E-008 

6.96E-P08 


/- 


2.86E-001 

2.86E-001 

2.86E-001 

2.86E-001 

2.86E-001 


8.95E-007 

8.13E-008 

1.58E-008 

2.71E-008 

1.99E-008 


N. 


1.00E-002 
1.40E-003 
5.10E-004 
1.00E-002 
2. DOE- 002 


Total 


Hazard  Index 

-inhalation  - 

Chronic 

Chemical 

(Non- Carcinogens) 


..f 


€ 


"■  •• 


Chemical 

Concentration 

ing/m3 


lifetime 
Inhalation 
Intake  Fictpr 
m3/kg/diay 


Daily  Intake 
mg/kg/day 


Acceptable  Intake 
Chronic 
Exposure 
mg/kg/day 


1.10E-010 

6.71E-011 

1.87E-011 

7.56E-012 

1.91E-012 

1.19E-012 

7.86E-013 

1.34E-013 


2.07E-010 


Hazard 

Index 


8.95E-005 

5.81E-005 

3.09E-005 

2.71E-006 

9.96E-007 


1.82E-004 


Hazard 

Index 


Copper 

9.69E-008 

6.12E-003 

5.93E-010 

1.00E-003 

5.93E-007 

Barium 

8.81E-009 

6.12E-003 

5.39E-011 

1.40E-004 

3.85E-007 

Mercury  (inorganic) 

1.71E-009 

6.12E-003 

1.05E-011 

5.10E-005 

2.05E-007 

Cadmium 

2e94E-009 

6.12E-003 

1.80E-011 

1.00E-003 

1.80E-008 

Nickel 

2.16E-009 

6.12E-003 

1.32E-011 

2.00E-002 

6.60E-010 

Total  1.20E-006 
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Table  7-44 

Inhalation  Risk  Calculations  -  6-year-old  children 
Including  Only  Chemicals  Detected  in  the  Stack 
Hanson  School 


Carcinogenic  Risk  - 

Inhalation 

Chemical 

Carcinogens 

Chemical 

Concentration 

aig/rn3 

Lifetime 
Inhalation 
Intake  Factor 
aiS/kg/day 

Daily  Intake 
mg/kg/day 

Carcinogenic 

Potency 

Factor 

(mg/kg/day) -1 

Carcinogenic 

Risk 

Cadnium 

2.94E-009 

1.67E-002 

4.90E-011 

6.10E4-000 

2.99E-010 

Chromium  VI 

2.67E-010 

1.67E-002 

4,46E-012 

4.10E+001 

1.83E-010 

HxCDF 

1,96E-013 

1.67E-002 

3.27E-015 

1.56E+004 

5.11E-011 

Carbon  tetrachloride 

9.51E-009 

1.67E-002 

/U59E-010. 

1.30E-001 

2.06E-011 

TeCDF 

2.00E-014 

1.67E-002 

3.34E-D16  S. 

1.56E**'004 

5.21E-012 

Aldrin 

1.14E-011 

1.67E-002 

1.90E-013 

1.70E+001 

3.23E-012 

Methylene  Chloride 

9.17E-009 

1.67E-002  . 

1.53E-010 

K40E-002 

2.14E-012 

Chloroform 

2.70E-010 

1.67E-002 

4.52E-012 

8.10E-002 

3.66E-013 

if 


/' 

^  / 

Total 

Hazard  Index  -  Inhalation  - 
Subchronic  (8  Hour) 

/ 

/  ''‘-X  /"  / 

// 
X,,,/  / 

'  /■ 

Acceptable  intake 
Subchrpnic 
Exposure 
mg/kg/day 

Chemical 

(Non -Carcinogens) 

Chemical 

Concentration 

mg/mS 

Daily 
Inhalation 
Intake  Factor 
niS/kg/day 

Daily  Intake 
mg/kg/day 

Copper 

Barium 

Mercury  (inorganic) 

Cadmium 

Nickel 

3.13E-006 
2.84E-007  . 
5.52E-008" 
9.48E-008 
6.96E-008 

i  7.81E-001 

7.81E-001 
7.81E-001 
7.81E-001 
7.81E-001 

2.44E-006 
2.22E^0b7 
4.31E-b08 
.  7.40E-008 

5.44E-008 

,  1. DOE -002 

1.40E-003 
5a10E-004 
1.00E-002 
2.00E-002 

/• 

'"'s. 

1  1 
.  ...  ;■  >s 

Total 

Hazard  Index  -  Inhalation  -  i 
Chronic  / 

-f 

.//' 

/  /  ... 

/  /  jf  '■ 

Chemical 

(Non- Carcinogens) 

Chemical 

Concentration 

mg/m3 

Lifetime 
Inhalation 
Intake  FaOtor 
m3/kg/day 

Daily  Intake 
mg/kg/day 

Acceptable  Intake 
Chronic 
Exposure 
mg/kg/day 

5.65E-010 


Hazard 

Index 


2.4AE-004 

1.59E-004 

8.45E-005 

7.40E-006 

2.72E-006 


4.98E-004 


Hazard 

Index 


Copper 

9.69E-008 

1.67E-002 

1.62E-009 

1.00E-003 

1.62E-006 

Barium 

8.81E-009 

1.67E-002 

1.47E-010 

1.40E-004 

1.05E-006 

Mercury  (inorganic) 

1.71E-009 

le67E-002 

2.85E-011 

5.10E-00S 

5.60E-007 

Cadmium 

2.94E-009 

1.67E-002 

4.90E-011 

1.00E-003 

4.90E-008 

Nickel 

2.16E-009 

1.67E-002 

3.60E-011 

2.00E-002 

1.80E-009 

Total 


3.28E-006 
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Table  7-45 

Oral  Risk  Calculations  -  Soil 
Including  Only  Chemicals  Detected  in  the  Stack 
Hanson  School 


Carcinogenic  Risk  -  Oral 


Chemical 

Carcinogens 


Chemical 
Concentration 
in  Soil 
mg/kg 


Cacfcnium 

3.98E- 

Chromium  VI 

3.62E- 

HxCDF 

2.66E- 

TeCOF 

2.70E- 

Aldrin 

1.54E- 

Hazard  Index  -  Subchronic  - 

Oral  (Haxinun  Exposure 

-Child) 

Chemi 

Concent rat 

Chemi ca 1 

in  S 

(Non- Carcinogens) 

mg 

Copper 

1.31E- 

Mercury  (inorganic) 

2.32E- 

Cadmi urn 

3.98E- 

Nickel 

Z.9ZB- 

Bariim 

1.19E- 

Hazard  Index  -  Orai  - 

Chronic 

Chemical 

(Non- Carcinogens) 


Chemical 
Concentration 
in  Soil 
"" ^  mg/kg 


Lifetime  Oral 
Intake  Factor 
kg/kg/day 


5.09E-007 

5.09E-007 

5.09E-007 

5.09E-007 

5.09E-007 


Subchronic 
/  Oral 

Intake  Factor 
kg/kg/day 


6.10E-006 

6.lbE-006 

6.10Er066 

6.10E-006 

6.10E-006 


Lifetime  Oral 
Intake  factor 
.  kg/kg/day 


Daily  Intake 
mg/kg/day 


2.02E-0fd 

1.84e4i1 

1.40E-014 

1.3^-015 

7.85E-013 


Daily  Intake 
^  mg/kg/day 


8.01E-008 

,J.41E-009 

t2.43E-009 

1;78E-009 

7.28E-009 


Carcinogenic 

Potency 

Factor 

(mg/kg/day) -1 


6.10E+000 

4.10E+001 

1.56E+004 

1.56E+004 

1.71E+001 


Acceptable  Intake 
SubchroniC 
Exposure 
mg/kg/day 


3.70E-002 

2,OOE-O03 

1.00E-002 

2.00E-002 

5.10E-001 


Daily  Intake 
mg/kg/day 


Acceptable  Intake 
Chronic 
Exposure 
mg/kg/day 


Carcinogenic 

Risk 


1.23E-009 

7.56E-010 

2.11E-010 

2.UE-011 

1.34E-011 


Total  2.24E-009 


Hazard 

Index 


2.16E-006 

7.06E-007 

2.43E-007 

8.91E-008 

1.43E-008 


3.22E-006 


Hazard 

Index 


Cadmium 

Copper 

Mercury  (inorganic) 

Barium 

Nickel 


3.98E-004 

1.31E-002 

2.32E-004 

1.19E-003 

2.92E-004 


5.09E-007 

5.09E-007 

5.09E-007 

5.09E-007 

5.09E-007 


2.02E-010 

6.68E-009 

1.18E-010 

6.07E-010 

1.49E-010 


1.00E-003 

3.70E-002 

2.00E-003 

5.10E-002 

2.00E-002 


2.02E-007 

1.81E-CM)7 

5.89E-008 

1.19E-008 

7.44E-009 


Total  4.61E-007 
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Table  7-46 

Oral  Risk  Calculations  -  Vegetables 
Including  Only  Chemicals  Detected  in  the  Stack 
Hanson  School 


Carcinogenic  Risk  -  Oral 


Chemical 

Carcinogens 


Chemical 
Concentration 
in  Vegetables 
mg/kg 


Lifetime  Oral 
Intake  Factor 
kg/kg/day 


Daily  Intake 
mg/kg/day 


Carcinogenic 

Potency 

Factor 

(mg/kg/day) -1 


Cadmium 
Chromium  VI 
HxCDF 
TeCDF 
Aldrin 


3.21E-005 

2.92E-006 

2.15E-009 

2.18E-010 

1.25E-007 


1.27E-006 

1.27E-006 

1.27E-006 

1.27E-006 

1.27E-006 


4.08i-0il 

3.71E^012 

3.00E^015 

2.77E-0t6 

1.58E-013 


6.10E+000 

4.10E+001 

1.56E+004 

1.56E+004 

1.71E+001 


Total 


Hazard  Index  -  Oral  -  Chronic 


Chemical 
Concentration 
Chemical  in  Vegetables 

(Non- Carcinogens)  mg/kg 


Lifetime  Oral 
Intake  factor 
kg/kg/day 


■C 

Acceptable  Intake 
Chronic 

bally  Intake  Exposure 

mg/kg/day  mg/kg/day 


Cadnl  urn 
Copper 

Mercury  (inorganic) 

Barium 

Nickel 


3.21E-005 
1.06E-003 
1,87E-005  \ 
9.63E-b05 
2.366-005"  f 
/  /  . 


1.2h-006  4.08E-011  1.006-003 
1.27E-006  1.34E-009  3.70E-002 
1.276-006  ^2.376-011  .  2.00E-003 
1.27E-006  1.226-010  5.106-002 
1.27E-006  2.99E-011  2.006-002 


Carcinogenic 

Risk 


2.49E-010 

1.52E-010 

4.26E-011 

4.32E-012 

2.70E-012 


4.50E-010 


Hazard 

Index 


4.08E-008 

3.63E-008 

1.19E-008 

2.40E-009 

1.50E-009 


Total 


9.29E-008 
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Table  7-47 

Oral  Risk  Calculations  -  Vegetables 
Maximum  Exposure 

Including  Only  Chemicals  Detected  in  the  Stack 
Hanson  School 


Carcinogenic  Risk  -  Oral 


Chemical 

Carcinogens 


Chemical  Carcinogenic 

Concentration  Lifetime  Oral  Potency 

in  Vegetables  Intake  Factor  Daily  Intake  Factor 

mg/kg  kg/kg/day  mg/kg/day  <mg/kg/day)-1 


Carcinogenic 

Risk 


Cacknium 
Chromium  VI 
HxCDF 
TeCDF 
Aldrin 


3.21E-005 

2.92E-006 

2.15E-009 

2.18E-010 

1.25E-007 


7.65E-006 

7.65E-006 

7.65E-006 

7.65E-006 

7-65E-006 


2.45E-010 

2.24E-011 

1,ME-014 

.2.00E-015 

9.52E-bl3 


6.^0t*000 

4.10E+001 

1.56E+004 

1.56E+004 

1.71E+001 


1.50E-009 

9.17E-010 

2.56E-010 

2.60E-011 

1.63E-011 


Hazard  Index  -  Oral  -  Chronic 


Total  2.71E-009 


Chemical 

(Non- Carcinogens) 


Chemical 
Concentration 
in  Vegetables 
mg/kg 


Lifetime  Oral 
Intake  Factor 
kg/kg/day 


Daily  Intake 
mg/kg/day 


Acceptable  Intake 
Chronic 
Exposure 
mg/kg/day 


Hazard 

Index 
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8.0 

_ CONCLUSIONS 

This  public  health  risk  assessment  was  performed  according  to  SPHEM 
guidance  and  evaluated  the  carcinogenic  and  noncarcinogenic  health  risks 
for  five  receptor  populations.  These  populations  were: 

•  On-site  workers  in  the  maximum  impact  area 

/  ■  ' 

•  Members  of  the  public  who  were/ assumed  to  spend  their  entire 
lifetime  at  the  portion  of  fenceline  that  has  the  highest  impact 

•  The  most  highly  impacted  residential  area 

-f  / 

•  Irondale 

•  Hanson  School,  the  school  that  was  impacted  the  greatest 

....  ./  %  . 

The  noncarcinogenic  health  risk  is  expressed  In  terms  of  a  hazard  index. 
Whenever  the  hazard  index  is  less  than  1.0,  there  is  no  cause  for 
concern.  A  hazard'  index  was  calculated  for  chronic  exposures  and  sub¬ 
chronic  exposures.  /  highest  .hazard  index,  calculated  was  1.45E-03 
(on-site  workers)  arid  lower  values  determined  for  all  other 

populations. This  demonstrates"  that  ther^e  are  no  noncarcinogenic  health 
risks  asspciated  w'^th  the  incineration  of  Ba^'in  F  liquid. 

Carcinogenic  healtfi  risks  in  this  report  are  expressed  as  an  individual's 
increased  risk  of  contracting  cancer.  According  to  EPA  policy  the  target 
total  individual  risk  resulting  from  exposures  at  a  Superfund  site  may 
range  anywhere  between  l.OE-04  to  l.OE-07.  Thus,  remedial  alternatives  (at 
a  Superfund  Site)  should  be  able  to  reduce  total  potential  carcinogenic 
risks  to  individuals  to  levels  within  this  range.  Although  a  l.OE-06 
cancer  risk  (one  excess  cancer  per  million  people)  is  not  a  defacto 
standard,  it  is  generally  used  by  agencies  as  an  acceptable  cancer  risk. 
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The  maximum  cancer  risk  for  off-site  populations  in  this  study  was  6.84E- 
08,  or  less  than  7  excess  cancers  for  each  one  hundred  million  people.  The 
cancer  risk  for  on-site  workers  was  determined  to  be  4.55E-07,  which  is 
less  than  the  U.S.  EPA  policy  range  for  an  acceptable  risk. 

It  is  concluded  from  this  public  health  risk  assessment  that  submerged 
quench  incineration  of  Basin  F  liquids  at  the  Rocky  Mountain  Arsenal  site 
does  not  pose  an  unacceptable  cancer  risk',/according  to  EPA  policy  and 
other  government  agencies  (Paustenbach).  /  ^  v 
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9.0 

_ LIMITATIONS  AND  SENSITIVITY  ANALYSIS 

The  objective  of  this  section  of  the  report  is  to  identify  and  discuss 
various  issues,  assumptions,  and  data  that  may  have  limited  the  assessment 
of  the  health  risks  or  may  have  resulted  in  an  underestimation  or 
overestimation  of  the  actual  risk.  There  are  always  uncertainties 
associated  with  assumptions  that  are  made  in  the  absence  of  data.  In  order 
that  the  health  risks  are  not  underestimated,  conservative  assumptions  are 
made.  The  result  is  that  the  conservative  assumptions  are  usually 

compounded  on  each  other  resulting  in  an  overestimate  of  the  actual  risk. 
In  preparing  this  report,  assumptions  were  made  which  could  overstate  or 
understate  the  actual  risk.  These  are  discussed  below: 

Factors  which  may  understate  risk:  ^ 

•  A  dermal  exposure  route  was-  not  evaluated.  Contaminated  soil 

adhering  to  the  skin  or  particulate  deposition*  directly  on  the 
skin  might/result  in  increased exposure  and  risk.  Although  this 
route  can  be  significant  for  workers  handling  wastes,  it  was 
judged  not  tb*'‘be  significant  compared  to  other  exposure  routes 
potential  lyx^^  by  the  public  in  the  RMA  exposure 

scenario,' 

■  I  I  /  ''X  '"I- 

•  Secondary/ exposure  routes  were  not  evaluated.  An  example  is  the 
human  Consumption  of  beef  or  chickens  which  are  raised  in 
potentially  exposed  areas.  The  low  concentrations  of  contaminants 
deposited  on  the  soil  and  plants  would  result  in  a  relatively 
insignificant  increase  in  human  exposure  compared  to  the  routes 
evaluated. 

•  The  absorption  of  contaminants  from  garden  soil  by  vegetable 
routes  was  not  evaluated,  nor  was  the  absorption  of  contaminants 
through  the  leaves  of  vegetables.  The  very  low  concentration  of 
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contaminants  in  garden  soil  after  tilling  and  the  fact  that  the 
indicator  chemicals  are  not  particularly  mobile  through  plant 
leaves,  means  that  the  resulting  exposure  levels  would  be  very  low 
and  the  resulting  health  risk  would  be  low  compared  to  the 
exposure  routes  evaluated. 

•  The  deposition  of  particulate  onto  surface  water  or  onto  soil  and 
then  leached  into  ground  water  and  subsequent  human  ingestion  was 
not  evaluated.  The  impact  of  this  exposure  route  is  very  small 
compared  to  the  exposure  routes  evaluated in  this  risk  assessment. 

Factors  which  may  overstate  risk;/'/ 

•  The  U.S.  ERA  indicates  that  the  use  of  this  overall  approach  to 
evaluate  health  risks  may  overstate  the  risk  and  that  the  actual 
risk  may  be  zero. 

•  The  carcinogenic  potency  of  arsenic  is  currently  undergoing  U.S. 
ERA  rev iew,4y  their  Science  Advisory  Board.  They  have  suggested 
that  a /tlireshold  exists  for arsenic  metabolism  which  would  reduce 
the  risks  at  Tow  exposure  levels.  - ' 

•  /The  inhalation  exposure  pathway/  assumed  that  all  released 

particulate  matter, was  airborne. and  available  for  inhalation. 

\  /'  *■!  ‘"'■s  /  / 

•  Soil  and  vegetable  irtgest ion  pathways  assumed  that  all  released 
particulate  matter  was  deposited  on  the  soil  or  vegetables. 

•  Even  though  dioxins  and  furans  were  not  detected  in  the  stack  gas 
they  were  assumed  to  be  emitted  at  detection  limit  concentrations 
and  were  assumed  to  be  present  as  the  most  toxic  isomer. 
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•  The  U.S.  EPA  has  under  review  a  reduced  potency  value  for  TCDD. 
Since  the  other  dioxin  and  furan  potencies  are  derived  from  the 
TCDD  potency,  any  reduction  in  the  potency  value  will  result  in  a 
reduced  risk.  It  is  also  important  to  note  that  even  after  much 
intense  study,  that  there  is  no  conclusive  evidence  that  dioxins 
are  human  carcinogens. 

•  Dieldrin  was  not  detected  in  the  stack  gas  but  was  assumed  to  be 
present  at  detection  levels  for  tfie  risk  assessment. 

c,.,/ 

•  The  choice  of  leaf  lettuce  as  the  “generic"  garden  vegetable  in 

this  risk  assessment  overstates  the  actual  exposure.  This  is 
discussed  below  in  more  detail. 

’  C  ./ > 

•  The  use  of  home  grown  vegetables  year  round  is  not  typical  and 

overestimates  the  potential  heatth  risk. 

\  \  J'  /  \  't"  -  ...  ...  ' 

•  The  actual  location  of  the  incinerator  Has  not  been  finalized. 

Other  tentative ''locations,  besides  near  Basin  F  which  was  assumed 
in  this  risk  assessment,  would  be  more  distant  from  the  receptor 
populations  evaluated  and  as  such  would  result  in  lower  predicted 
health’  r,i sks";  ^ 

The  chdifee  of  leaf  lettuce  as  the  model  vegetable  is  a  conservative 
assumption'  that  will  not  understate  the  potential  risk  from  this  exposure 
pathway.  Lettuce  has  the  highest  surface  area  of  all  garden  vegetables  and 
is  not  generally  canned  or  frozen  for  year-round  use.  The  following  dis¬ 
cussion  compares  the  relative  coritami nation  a  variety  of  garden  vegetables 
would  receive  compared  to  leaf  lettuce. 

An  examination  of  vegetables  and  their  potential  susceptibility  to 
pollution  from  particulate  deposition  is  facilitated  by  grouping  the 
vegetables  by  susceptibility  to  particulate  deposition.  The  first  group  of 
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vegetables  grow  underground  such  as  carrots,  beets  and  potatoes.  The 
edible  portions  (except  for  beet  greens)  are  not  susceptible  to  particulate 
deposition.  Second,  there  are  vegetables  such  as  corn,  shell  peas,  head 
lettuce,  cabbage,  and  shell  beans  in  which  the  outer  cover  is  generally 
removed  in  either  the  harvest  or  preparation  process.  Third,  there  are 
exposed  vegetables  that  are  eaten  after  some  level  of  preparation.  These 
include  tomatoes,  peppers,  broccoli,  and  cauliflower.  This  group  includes 
the  leafy  vegetables,  usually  with  a  short  growing  period,  such  as  leaf 
lettuce,  spinach,  collards,  and  Swiss  chard.  ^ 

It  can  readily  be  concluded  from  the  above  discussion  that  the  use  of  leaf 
lettuce  as  the  modeled  vegetable  will  not  underestimate  subsequent  health 
risks.  ’’  /"> 
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11.0 

_ ABBREVIATIONS  USED 

H  COD  =  Hexachlorodiben20-p-dioxin 

X 

H^CDF  =  Hexachlorodibenzofuran 
PeCDF  =  Pentachlorodibenzofuran 
PeCDD  =  Pentachlorodibenzo-p-dioxin 
SQI  *  Submerged  Quench  Incineration 

J  / 

TCDD  *  Tetrachlorodibenzo-p-dioxin  /  / 

TeCDF  =  Tetrachlorodibenzofuran  /  /  ,  %._ 
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